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Abstract  
 
Dental caries remains one of the most common infectious diseases in 
preschool children. In Flanders, one out of three five-year-olds presented 
with visible caries experience. As oral health is to a great extent determined 
by behavioural factors, intervention studies have been developed aimed at 
reducing dental decay or at improving oral health-related behaviours by 
educational programmes for parents. The ‘Smile for Life’ programme was 
developed based on the available evidence and consisted of a multi-
component intervention that was built on a theoretical framework, i.e. the 
Theory of Planned Behaviour (TPB). Use has been made of a pre-post test 
design with a control group to measure effect Despite these efforts, only 
limited effects of the programme could be observed at the level of oral 
health and reported behaviour. 
The aim of this PhD was to explain the limited effects of the ‘Smile for Life’ 
study. Six hypotheses, grouped in three categories, were formulated. It was 
investigated (A) whether the programme design was insufficient, (B) 
whether the intervention was only effective on the level of the psychological 
determinants or in subgroups and (C) whether the intervention was poorly 
implemented.  
(A). The TPB components turned out to be significant predictors of 
intentions and behaviours related to oral health, arguing for the reliability 
and validity of the developed questionnaire. However, future research 
should indicate whether other theoretical backgrounds can serve as a better 
basis to develop oral health interventions or whether other behavioural 
change techniques, such as skills training or motivational interviewing, are 
more effective.  
(B.) There were no effects of the intervention on the level of the TPB-
determinants (attitudes, subjective norms, perceived behavioural control, 
intention), nor any effects in subgroups of participants. Besides, natural 
changes in the TPB-determinants were observed as the child grew older. 
High-educated mothers had better attitudes, perceived behavioural control, 
intentions and oral health-related behaviours towards their children, who 
also presented with better oral health. This indicates the need for targeted 
interventions for low- and high-educated parents.  
 viii 
 
(C). The process analysis indicated that the intervention was generally 
implemented as prescribed in the manual, although lower attendance rates 
at the consultations as well as the restricted time to spend on the oral 
health topics were the largest threats to implementation fidelity. 
A combination of factors can explain the limited effects. First, the 
interpretation of the effects was impeded through the general improvement 
of oral health in Flanders and a possible response bias in the control group. 
In addition, implementation constraints, the limited application of effective 
behavioural change techniques and the exclusion of the children from low 
socio-economic backgrounds can explain part of the limited effect. Because 
complex interventions are not often evaluated in depth, this research adds 
new and original knowledge to the field and serves as a basis for developing 
more targeted and effective preventive interventions. 
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1 Preface 
Although largely preventable, dental caries remains one of the most 
common infectious diseases in childhood. Oral health is to a great extent 
determined by behavioural factors and several interventions have been 
developed aimed at reducing dental decay or at improving oral health-
related behaviours by educational programmes for parents. The effects of 
these programmes are however variable and it is often not clear which 
factors are related to positive or negative outcomes.  
The trigger for the research that was performed for this PhD dissertation 
was the limited effect of a theory-informed oral health promotion 
programme ‘Smile for Life’. This programme aimed to improve the oral 
health and oral health-related behaviours of preschool children through an 
educational intervention targeted towards the parents. Although the study 
was developed based on a theoretical background, and use had been made 
of health promotion planning and implementation models, only limited 
effects were observed after a three-year intervention period.  
It is not clear why some programmes are effective and others are not, 
mainly because programmes that lack effect are often not published in 
international literature. As a result, there is a gap in the knowledge of how 
interventions work. It is only by knowing why an intervention failed to 
achieve the desired effect, that the programme can be improved. This PhD 
research was set up to perform an in-depth evaluation of the data from the 
‘Smile for Life’ study, to investigate the possible reasons for the limited 
effect.  
2 Theory-informed health promotion 
The ‘Smile for Life’ study can be considered an example of what is called 
‘Theory-informed health promotion’, as it is an oral health promotion 
programme that was based on a theoretical background, i.e. the Theory of 
Planned Behaviour (Ajzen, 1991).  
Health promotion is defined as the process of enabling people to take 
control over the determinants of their health and thereby improve their 
health (World Health Organisation, 1986). It may be seen as a set of 
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activities clearly intended to prevent disease and ill health, to educate 
people to a healthier lifestyle or to address the wider social and 
environmental factors which influence people’s health.  
A distinction can be made between evidence-based and theory-informed 
health promotion. Inspired by the Evidence-Based Medicine (EBM) 
movement, researchers have tried to strengthen the evidence base of 
health promotion by performing randomized controlled trials (RCT), which 
are considered the golden standard for gaining evidence (Van den Broucke, 
2012). However, as most health promotion interventions are quite complex, 
consisting of multiple programme components or functioning on different 
levels, RCT’s are often impractical, unfeasible or too rigid to apply in public 
health settings (Rychetnik et al., 2002).  
As evidence-based health promotion is difficult to achieve, theory-informed 
interventions can be considered as a decent alternative as there is evidence 
that interventions informed by theory are more effective than those that 
are not (Cane et al., 2012; Noar & Zimmerman, 2005). 
Building health promotional interventions on theory instead of evidence has 
several advantages. First, theory can be used in the development of health 
promotion interventions, as it includes beliefs of why the intervention 
should work which can increase effectiveness. Based on these beliefs, the 
content, number, sequence and dose of the different programme 
components can be defined, also called ‘active ingredients’ of the 
intervention (Durlak, 1998).  
Second, theory is very valuable in the evaluation of interventions. It can be 
used to investigate why and how the programme components have 
achieved or failed to achieve the expected results. By linking the 
assumptions on which programmes are based to the programme 
components on the one hand and the expected effects on the other hand, 
insight can be gained in what makes a programme successful (Van den 
Broucke, 2012).  
Third, it leads to advances of the knowledge in the field, as a better 
knowledge of the mechanisms of change will not only benefit the specific 
programme, but may be generalized to other interventions (Michie et al., 
2008; Van den Broucke, 2012). 
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Despite its advantages, theory-based health promotion receives little 
attention in the international literature and is not often used in health 
promotion practice either. The research performed in this PhD can therefore 
serve as an example and add knowledge to the field. 
3 Evaluation of oral health promotion interventions   
Evaluating (oral) health promotion programmes is a key aspect of practice, 
as it enables an assessment of the value and/or effect of an intervention. 
There are two reasons for evaluation (Green & Tones, 2010).  
First, to assess the extent to which interventions have achieved their goals 
(i.e. effect evaluation). This includes an estimation of the desirable and 
undesirable outcomes of the project. More specifically, in an effect 
evaluation it is assessed whether the intervention has reached the intended 
goals. This form of evaluation is generally considered the most important, as 
it can prove the value of a programme. 
Second, to serve as an instrument for feedback and decision-making to 
improve the process. By evaluating the process of a programme (i.e. process 
evaluation), the strengths and weaknesses of the implementation should 
become clear (including the implementation fidelity), which can lead to 
adaptations in content or mode of the intervention. More specifically, in a 
process evaluation is it investigated whether (1) the programme has 
reached the target group, (2) the participants are satisfied with the 
programme, (3) the activities of the programme were implemented as 
planned and (4) the materials and components of the programme are of 
good quality (Naidoo & Wills, 2009). This information is necessary to adjust 
and improve the programme, to increase the quality of the actions and the 
expertise of the implementers, which can lead to a higher effectiveness 
(Scheerder et al., 2003). 
In theory-informed interventions, the effectiveness of the programme 
components based on the theoretical beliefs and measured with process 
parameters can be evaluated, through linkage of the theoretical constructs 
with the active components and outcomes of the intervention. As a result, 
evaluation can provide insight in why the intervention programme has 
succeeded or failed (Michie & Abraham, 2004). 
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4 The ‘Smile for Life’ oral health intervention  
‘Smile for Life’ is a longitudinal study investigating the factors associated 
with the prevalence and severity of caries experience among preschool 
children and evaluating a multi-component community-based preventive 
intervention programme targeting children of this age group and their 
parents. 
First the prevalence of dental caries, symptoms (§4.1) and risk factors (§4.2) 
will be described to indicate the need for developing an oral health 
promotion programme. Next, the process of intervention development will 
be explained, including the theoretical background on which the programme 
is based (§4.3) and a short overview of the participants, design and 
measurements of the ‘Smile for Life’ programme will be provided (§4.4). 
Finally, the outcomes of the study will be discussed briefly ((§4.5). More 
specific information on the intervention is provided in Chapter 7. 
4.1 Dental caries in preschool children: prevalence and 
symptoms 
The main oral health problem in preschool children remains dental caries or 
tooth decay. Although largely preventable, it is one of the most common 
infectious diseases in childhood, with 60 to 90% of children being affected 
(Petersen, 2003).  
Dental caries is defined as the localised destruction of susceptible dental 
hard tissues by acidic by-products from bacterial fermentation of dietary 
carbohydrates (Selwitz et al., 2006). The necessary components in the onset 
of caries are: a) cariogenic bacteria, b) a susceptible tooth and host and c) 
fermentable carbohydrates (Gussy et al., 2006).   
Early childhood caries (ECC) is defined as the occurrence of any form of 
tooth decay among children younger than six years (Gussy et al, 2006). In 
young children, the bacterial flora and defence systems are still developing, 
and teeth are newly emerged with incomplete maturation of hard tissues, 
which makes them more vulnerable for decay. ECC typically develops very 
rapidly, affecting many teeth and often leads to dental treatment under 
general anaesthesia. There is strong evidence that children who experience 
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ECC are also much more likely to develop further dental problems as they 
get older (Gussy et al., 2006). 
Oral disease is not only associated with discomfort, pain, infection, 
abscesses and headache but can also cause psychological problems, 
retarded growth and many other problems affecting the quality of life of the 
child and his or her family (Locker, 2004; Plutzer & Spencer, 2008). 
4.2 Risk factors 
Beside biological factors, several parental factors are involved in caries 
development and a distinction can be made between socio-demographic, 
behavioural and attitudinal factors (Hooley et al., 2012).  
First, there is a clear association with parental socio-demographic factors, 
such as income, educational level of the parents or ethnicity. In many 
studies a higher prevalence of caries experience was observed among 
children who were raised in deprived communities or whose parents had a 
lower educational level or an immigrant background (Armfield, 2007; Borges 
et al., 2012; Christensen et al., 2010; Petersen et al., 2005; Skeie et al., 2006; 
Tubert-Jeannin et al., 2012; Wigen et al., 2011). Especially a lower maternal 
educational level may be associated with an increased risk of dental caries in 
preschool children (Tanaka et al., 2013). Recently, the WHO Commission on 
Social Determinants of Health (CSDH) published a framework on the social 
determinants of health inequalities, which can also be applied to oral health 
(Solar & Irwin, 2010). 
Second, the oral health status of preschool children is to a large extent 
determined by behavioural factors that are established by their parents. 
Parents are responsible for a healthy diet, adequate tooth brushing 
practices, preventive  visits to the dentist, etc.  
 A systematic review showed no clear effects of breast- and bottle 
feeding in early infancy on early childhood caries (Hooley et al., 2012), 
except for nocturnal feeding, which was indicated as a major risk factor 
(Meurman & Pienihakkinen, 2010). Declerck et al. reported an association 
between caries experience and the reported consumption of sugar 
containing drinks (at night or in between meals) in 3-and 5-year olds 
(Declerck et al., 2008). The frequent consumption of sugar containing snacks 
as well as drinks have been identified as important risk factors for caries 
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development in young children (Harris et al., 2004; Hooley et al., 2012; 
Karjalainen et al., 2001; Rodrigues & Sheiham, 2000; Wendt et al., 1996; 
Williams et al., 2000). Frequent consumption of soft drinks is considered a 
threat for oral health in preschoolers (Guido et al., 2011). 
 Next, there was no clear evidence for the direct association 
between tooth brushing and dental caries experience. In some studies the 
start and frequency of tooth brushing was associated with caries, whereas in 
others this was not found (Hooley et al., 2012). Most studies however 
indicated that parental help with brushing was associated with lower rates 
of caries experience (Declerck et al., 2008; Hooley et al., 2012).  
Of course, the main purpose of tooth brushing is the application of fluoride, 
by using a fluoride-containing toothpaste, of which the effectiveness in 
reducing caries experience was clearly demonstrated (Marinho et al., 2003).   
 Finally, delaying preventive visits to the dentist increases the risk 
for caries development (Declerck et al., 2008; Harris et al., 2004). Children 
having one or more missed dental appointments are at an increased risk of 
presenting with caries lesions (Wigen et al., 2009). Apparently young 
children have seldom seen a dentist before their fourth birthday, unless 
they suffered from severe forms of rampant caries or they had experienced 
an injury with an oral impact (Creighton, 1998). Research in Flanders 
indicated that 62% of three-year-old children had not yet visited the dentist 
for a preventive check-up (Leroy et al., 2012). 
Third, parental attitudes, knowledge and beliefs influence the choices 
parents make for their children as well as the behaviours they model to 
them. During the early years of life, children are totally dependent on the 
oral health knowledge and behaviours of their caregivers with regard to 
food choices, dental hygiene and contact with dental health professionals.  
Many studies have investigated the importance of parental knowledge and 
attitudes in establishing favourable oral health habits and preventing caries 
experience in their children. Maternal attitudes were related to oral hygiene 
practices and caries experience in Nigerian preschoolers (Abiola et al., 
2009).  The mother’s knowledge and self-efficacy about tooth brushing 
behaviour were significant predictors of American preschool children’s 
brushing frequency (Finlayson et al., 2007). A Norwegian study revealed that 
parental indulgence and attitude to diet were clearly related to caries 
increment (Skeie et al., 2008) and in the USA, a lower literacy level among 
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caregivers was associated with worse oral health behaviours, such as night-
time bottle use and no daily brushing (Vann, Jr. et al., 2010). Finally, an 
international study stated that parent’s perception of their ability to control 
their children’s tooth brushing and sugar snacking habits were the most 
significant predictors of whether or not these habits were reported (Adair et 
al., 2004).  
4.3 Intervention development 
The aim of the ‘Smile for Life’ study was to develop, implement and evaluate 
an oral health promotion programme targeted at preschool children and 
their parents. The project was started in 2002, in collaboration with the 
nurses working for the preventive health services ‘Child and Family’, who 
noticed a lack of knowledge on oral health in parents of young children.  
The ‘Smile for Life’ programme was developed with the use of the ‘Precede-
Proceed model’ for intervention planning (Green & Kreuter, 1999) and 
based on the concepts of behavioural change described in the Theory of 
Planned Behaviour (TPB; Ajzen, 1991), one of the most prominent 
explanatory models regarding preventive health related behaviour (Figure 
1).  
Figure 1. The Theory of Planned Behaviour (Ajzen, 1991) 
According to this theory, volitional behaviour, like deciding what to eat or 
drink, whether or not to brush the teeth or whether to visit a dentist, is to a 
large extent determined by the intention to perform that behaviour. 
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Intention itself is a function of attitudes towards the behaviour, perceived 
social norms with regard to the behaviour, and perceived behavioural 
control. The TPB has been applied to a broad range of behavioural domains 
and meta-analytic reviews support its predictive power (Armitage & Conner, 
2001; Godin & Kok, 1996).  
The determinants identified in this model served as a basis to set objectives 
and select methods for the development of the programme, which explicitly 
aimed at eliciting a change of attitudes towards oral health in the parents, 
leading to an increased intention towards behaviour conducive to oral 
health. In addition to the TPB-determinants, factors related to memory and 
attention processes were also used to evoke a behaviour change. For every 
determinant of behaviour, behavioural change methods were used that 
were recently judged to be effective in changing the behaviour based on 
expert consensus.64 The determinants and applied techniques are presented 
in Table 7.2.  
A specific educational programme and materials were developed in close 
collaboration with the nurses of one of the intervention regions, who had 
received a comprehensive training on oral health related topics before the 
programme development. Decisions about the type and timing of oral 
health themes and information given at each contact moment were made 
and a script was developed. 
4.4 Participants, design and measurements 
All children born between October 2003 and July 2004 in four geographical 
regions were invited to participate in the ‘Smile for Life’ study. Two regions 
– involving 1284 newborns - served as the intervention setting, and another 
two – involving 1171 newborns - as control group. Criteria for the selection 
of the control regions were: (1) similar demographic characteristics, (2) a 
similar attendance rate at the well-baby clinics, and (3) at least 100 km away 
from the intervention regions to minimize any potential interventional 
“contamination” of the control regions. 
The project was embedded in the context of the well-baby clinics, which are 
organised through the governmental agency ‘Child and Family’. They 
provide preventive health care and educational guidance free of charge for 
children from birth until the age of three. Participation in this service is 
optional and independent of social status or background. Up to 97% of all 
General introduction 
11 
 
newborn children in Flanders have at least one home visit by a nurse. 
Almost 90% participate in at least one preventive consultation at the well-
baby clinics during the first year of life (Kind en Gezin, 2012). 
Parents were informed about the project shortly after their child’s birth by a 
nurse of the well-baby clinic and parental informed consent was obtained. In 
total, 1080 (84.1%) and 1057 (90.3%) children in the intervention and 
control groups were included in the study and followed until the age of five. 
The study design is shown in Figure 2. 
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The intervention was implemented by nurses from ‘Child and Family’, who 
had received a special training for the intervention prior to implementation. 
Parents in the intervention group received specific oral health information 
supported by educational materials, which was provided on the occasion of 
3 home visits and 11 consultations of the standard preventive health 
programme between birth and the age of three. The control group received 
the standard care programme that is delivered in the well-baby clinics. An 
overview of both programmes is provided in Figure 3. A detailed description 
of the content of the extended care program is provided in Chapter 7.  
 
Figure 3. Comparison of content related to oral health in the standard and 
extended care programme of the ‘Smile for Life’ study 
 
During the entire intervention period, data was gathered on the process of 
implementation and several measures were used to evaluate the outcome 
of the study. An oral health examination was performed when the children 
had reached the age of three (2007) and five years (2009) to investigate the 
presence of dental plaque and caries experience. Parental oral health 
related behaviours and their psychological determinants were assessed with 
pretested and validated questionnaires shortly after birth (2003-2004) and 
when the child had reached the age of three and five (Figure 2).  
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At the same time, all physicians and nurses working in the well-baby clinics  
and all health care workers (family physicians, dentists, pharmacists, 
teachers, etc.) living in the intervention communities were informed about 
the project and received materials to support the intervention. Both the 
health care workers in intervention and control regions were questioned at 
children’s birth (2004) and age three years (2007). Their oral health-related 
behaviours, determinants towards these behaviours and advice given to 
parents of young children were investigated using a validated questionnaire 
(Defranc et al, 2008). A total of 1157 health workers from the four regions 
completed the questionnaires. 
Before the start of the intervention (October 2003), baseline data were 
collected in a randomly selected sample of three- (N=670) and five-year-olds 
(N=634) living in the intervention regions and a sample of three- (N=621) 
and five-year-olds (N=691) living in the control regions (Declerck et al, 2008; 
Figure. 2). For this baseline data collection, the same questionnaire and 
clinical examination protocol were used. In this baseline study it was aimed 
to investigate the current situation regarding oral health in Flemish 
preschool children in the selected regions, the related risk factors, the 
parental oral health-related behaviours and its determinants, and the 
position of health care workers in relation to oral health.   
The study protocol received ethical approval from the Medical Ethics 
Committee at the Katholieke Universiteit Leuven, Belgium. 
4.5 Outcome of the ‘Smile for Life’ study in 2007 and 2009 
An overview of the socio-demographic characteristics of the children 
participating in the ‘Smile for Life’ study is shown in Table 1.1. Significant 
differences between the intervention and control regions were observed for 
the educational level of the parents. In the intervention regions, the 
proportion of low-educated parents was slightly higher than in the control 
regions. Therefore a correction for educational level of the mother was 
applied in the outcome analyses.    
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When comparing the intervention and control group, only limited effects 
were observed at the level of oral health and behaviour (Table 1.2).  
At age three years, there was an effect on the level of oral health, as the 
proportion of caries-free children at the d1-level was significantly higher in 
the intervention group. On the behavioural level however, children in the 
control group performed better on dental attendance and oral hygiene 
behaviours. For dietary habits, children in the intervention group performed 
better by consuming less in-between drinks and less snacks at night.  
On the long term, even less effects of the intervention could be observed. At 
age five years, there were no significant differences in caries experience and 
the plaque accumulation was even worse in children who received the 
intervention. For dental attendance and oral hygiene habits, the children in 
the control group still performed better. For dietary habits however, a 
significantly lower proportion of children in the intervention group 
consumed sugared drinks in-between meals or snacks at night.  
In order to investigate these unexpected results more thoroughly, several 
hypotheses were formulated to explain the limited effects, which was the 
core content of the PhD-research.  
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The aim of this PhD was to explain the limited effects of the ‘Smile for Life’ 
study. Did the research fail to find an effect where one exists (evaluation 
failure) or is there truly no effect (programme failure)? In case of the latter, 
further research can help to determine whether the lack of effect was due 
to a failure of the intervention concept or theory, or to poor implementation 
of the programme (Rychetnik et al., 2002).  
Several hypotheses, which can be grouped in three categories, were 
formulated to explain the limited effects of the ‘Smile for Life’ study.  
 
A. Was the programme design insufficient? 
First, the theoretical model was tested on which the ‘Smile for Life’ study 
was based. Therefore, the applicability of the TPB in predicting oral health-
related behaviours was investigated, with a focus on the following research 
objectives:  
(1) To confirm the concept validity of the questionnaires based on the 
TPB model to assess the psychological factors associated with oral 
health related behaviour of parents of pre-school children (Chapter 
3); 
(2) To assess which factors of the TPB model contribute most to the 
oral health-related behaviour of parents towards their children (at 
children’s age 3 and 5 years) and of health workers (at children’s 
age 3 years) (Chapter 4). 
 
B. Was the intervention only effective on the level of the psychological 
determinants or in subgroups? 
Secondly, it was investigated whether the effects of the ‘Smile for Life’ 
intervention were limited to specific determinants as defined by the TPB or 
subgroups in the population, by considering the following research 
objectives:  
(3) To assess the longitudinal impact of the intervention of ‘Smile for 
Life’ after 3 and 5 years for each of the behavioural determinants of 
oral health related behaviour (Chapter 5); 
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(4) To explore differential effects of the ‘Smile for life’ project on 
behavioural determinants and oral health related behaviour 
between social groups defined by social class and education level 
(Chapter 6). 
 
C. Was the intervention poorly implemented? 
Thirdly, it was investigated whether the limited effects of the intervention 
were due to shortcomings in the implementation. Therefore the process of 
implementation of the intervention was evaluated, focusing on the 
following research objectives: 
(5) To evaluate whether all aspects of the multi-component 
intervention were executed as planned and whether particular 
implementation constraints are related to the success of the 
intervention (Chapter 7); 
(6) To evaluate the (perceived) adequacy of the actions undertaken 
and materials distributed in view of influencing the behavioural 
determinants of interest and to investigate the impact of 
intervention dose on the outcomes (Chapter 8). 
 
To conclude, the effectiveness of the ‘Smile for Life’ intervention in 
improving oral health and oral health-related behaviours in comparison with 
the baseline measurements was described (effect evaluation), including 
possible explanations for the lack of effect (Chapter 9). 
Finally, in the general discussion an overview is given of the three questions 
on which this research was based, followed by implications and 
recommendations for future interventions  (Chapter 10). 
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Preface 
Questionnaires were developed to assess parental oral health related 
behaviours and their underlying psychological determinants based on the 
TPB. To confirm the concept validity of these questionnaires, the data were 
used from 1157 parents of five-year-old children who were investigated at 
baseline (in 2003). In the study design below it is indicated on which groups 
the present study is based.  
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Abstract 
 
Objective. The aim of this study was to develop a valid and reliable measure 
for oral health behaviour and its determinants in five-year-old Flemish 
children, based on the Theory of Planned Behaviour (TPB) and to test its 
predictive validity.  
Methods. 1157 parents of five-year-olds completed a questionnaire 
measuring three behaviours related to oral health among children (dietary 
habits, oral hygiene habits, dental attendance) and their determinants 
(attitude, subjective norms, perceived behavioural control, intention). The 
sample was randomly split in two halves and principal component analyses 
were performed on one half sample to identify the factor structure. 
Confirmatory factor analyses were performed on the remaining half sample 
to obtain a cross-validation. Predictive validity was tested using multiple 
regression analyses.  
Results. For each behaviour four component structures reflecting the TPB-
dimensions, accounting for 44% to 55% of the variance were retrieved and 
confirmed in the cross-validation. Internal consistency (Chronbach’s alpha) 
of the scales ranged from 0.52 to 0.80. A significant percentage of variance 
of intentions and behaviours was explained by the model.  
Conclusions. The TPB components turned out to be significant predictors of 
intentions and behaviours. These findings argue for the reliability and 
validity of the questionnaire, allowing the exploration of determinants 
underlying parental oral health behaviour. 
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1 Introduction 
Oral health in preschool children is to a large extent determined by 
behavioural factors. Inadequate oral hygiene habits, frequent consumption 
of sugared snacks and drinks and lack of preventive visits to the dentist have 
been identified as important risk factors for caries in young children 
(Declerck et al., 2008; Harris et al., 2004).  
Promoting good oral health by evoking behaviour changes requires a good 
insight in the determinants of the behaviours relevant to oral health. These 
determinants can be understood in the light of the Theory of Planned 
Behaviour (TPB, Figure 1, p.8) (Ajzen, 1991). According to this theory, 
behaviour is a function of intentions and of the perceived behavioural 
control (PBC) to perform the behaviour. Intentions, which are considered 
the immediate antecedents of behaviour, are in turn determined by 
attitudes, subjective norms, and PBC. Attitudes are derived from beliefs 
about the likely outcomes of the behaviour and the evaluation of this 
expected outcome. Subjective norms refer to the perceived social influence 
to engage in the behaviour and are determined by the normative beliefs 
concerning expectations of significant others. The extent to which these 
norms influence behaviour depends on the motivation to comply with them. 
PBC reflects people’s perceived ability of performing the behaviour. It is 
based on control beliefs about possible facilitators or inhibitors and the 
strengths of these beliefs. As such PBC, like attitudes and subjective norms, 
has an influence on intentions, but can also influence behaviour directly, to 
the extent that the perception of control accurately reflects actual control 
(Figure 1) (Ajzen, 1991).  
The TPB has been applied to a broad range of behavioural domains and 
meta-analytic reviews support its predictive validity (Armitage & Conner, 
2001; Godin & Kok, 1996). With regard to oral health, the TPB components 
could explain a significant proportion of the variance in several oral health 
related behaviours in older age groups (Astrom, 2008; Astrom & Okullo, 
2004; Astrom & Rise, 2001; Buunk-Werkhoven et al., 2010; Dumitrescu et 
al., 2011; Luzzi & Spencer, 2008; Masalu & Astrom, 2001). In preschool 
children the TPB components predicted parental intentions to control sugar 
snacking (Astrom & Kiwanuka, 2006). However, apart from dietary habits, it 
is important to consider a broader range of behaviours, including oral 
hygiene and dental attendance. To our knowledge, no studies exist so far in 
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which the TPB is used to predict oral health behaviour in (parents of) young 
children.  
The aims of the present study were twofold. First, it intended to validate a 
new questionnaire, based on the TPB, to assess belief-based attitudes, social 
norms, PBC and intentions with regard to three important behaviours 
related to oral health among children: dietary habits, oral hygiene habits 
and dental attendance pattern. Secondly, the predictive validity of the TPB 
was tested; it was evaluated whether attitudes, subjective norms and PBC 
could predict intention, and whether intention and PBC could predict the 
behaviour.  
2 Methods 
The present study is part of the analysis of the baseline data collected 
before the start of the ‘Smile for Life’ (Tandje de Voorste) project, a 
prospective oral health promotion project in preschool children in Flanders, 
Belgium (Declerck et al., 2008). Participants were parents of 1157 five-year-
olds from four distinct geographical areas in Flanders (Belgium).   
In each of four Flemish regions approximately three hundred five-year-olds 
(born in 1998) attending third-grade pre-school classes were selected, based 
on the assumption that 25% of this age group would present with caries 
experience. In order to achieve a 95% confidence interval width of 7%, 300 
children were needed in every region. As selecting individual children would 
not have been feasible for ethical, practical and economical reasons, the 
sampling was performed using listings of kindergartens in these areas. 
Although attendance of kindergarten is not compulsory in Belgium, the 
attendance levels are very high, with more than 98% of 5-year-old children 
attending kindergarten in the school year 2002-2003 (source: Ministry of the 
Flemish Community, Department of Education). The kindergartens were 
selected using a technique of stratified cluster sampling without 
replacement. The target population was divided in three strata, 
representing the three types of educational system in Flanders (i.e. public, 
municipal and private schools), taking care of an equal spread on rural and 
urban regions. When a kindergarten was selected for the study, all children 
in the third grade were included. The kindergartens were selected with a 
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probability proportional to their size. In this way each child of a region had 
an equal chance to be included in the study. 
In total, 1325 five-year-olds from 43 schools were invited to participate. The 
number of schools (and children) participating in each of the four regions 
was respectively 11 (318), 10 (316), 12 (341) and 10 (350). The parents of 
these five-year-olds were asked to complete a questionnaire, which was 
provided through the teachers. If parents chose not to participate, the 
reason was asked. For statistical analyses, an age restriction was applied to 
enhance reliability and only children between 4.6 and 5.7 years were 
included in data processing. As such, analyses were performed on a total of 
1157 children (87%).  
The parents of all children of the sample completed a provisional 
questionnaire, based on the TPB and containing a number of items 
measuring attitudes, social norms and PBC as well as intentions and self-
reported behaviour for each of the behaviours of interest (dietary habits, 
oral hygiene habits, dental attendance). Dietary habits, which referred to 
avoiding the child’s consumption of sugared in-between snacks and drinks 
on a daily base, was measured with four questions expressing this 
behaviour: the frequency of (1) ‘consumption of in-between drinks’, (2) 
‘consumption of in-between meals’, (3) ‘snack at night’ and (4) ‘drink at 
night’. Answers were reported on a Likert-scale with 5 categories ranging 
from ‘never’ to ‘more than once a day’. Two items measured oral hygiene 
behaviour looking at the ‘frequency of brushing’ (with answers on a 4 point 
scale ranging from ‘never’ to ‘twice a day or more’) and at the ‘frequency of 
helping with brushing’ (with answers on a 4 point scale ranging from ‘never’ 
to ‘every day’). Dental attendance was measured by asking when the child 
was last seen by the dentist, with answers on a 4-point scale ranging from 
‘never’ to ‘six months ago or less’. 
Seventy-one belief-based items were developed to measure the beliefs 
preceding the determinants of these oral health behaviours. With regard to 
dietary habits, behavioural beliefs (8 items), normative beliefs (11) and PBC 
(4) were measured. For oral hygiene habits, the same constructs were 
measured with respectively 8, 10 and 3 items. Finally, 8, 11 and 5 items 
were applied to measure the beliefs related to dental attendance. The items 
included in the final solution are presented in Table 3.1. Intention towards 
dietary habits was measured with one item: ‘I will make sure that my child 
does not receive sugary snacks (food or drinks) too often’. Intention towards 
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oral hygiene habits was also measured with one item (‘In our family we 
intent to make sure that our child’s teeth get brushed properly every day’). 
Finally, one item measured intention towards dental attendance (‘We intent 
to take our child twice a year to the dentist for a check-up’). Participants 
were asked to rate each item on a 5-point Likertscale (1 = strongly disagree, 
2 = disagree, 3 = no opinion, 4 = agree, 5 = strongly agree).  
The questionnaires were accompanied by a letter explaining the purpose of 
the study. The study protocol received ethical approval from the Medical 
Ethics Committee at the KU Leuven, Belgium. 
In preparation of the factor analyses, item frequencies, means and standard 
deviations were explored to ensure adequate discriminative ability of items. 
To check the normality of the distribution, skewness and kurtosis were 
calculated. Values greater than one indicate that not all variables have a 
normal distribution. To ease the interpretation of the analyses, the answers 
on the negatively phrased items were recoded. 
In order to capture the underlying structure of the questionnaire, the total 
sample of the five-year-olds was randomly split into two subsamples. An 
exploratory factor analysis (EFA), using Principal Components and Varimax 
rotation, was performed on one half sample to identify the factor structure. 
This analysis was performed with PASW Statistics 17 for each of the three 
behaviours (dietary habits, oral hygiene habits and dental attendance) 
separately. The factor solution was based on the criteria of eigenvalue 
greater than 1 and on an inspection of the scree plot. The criteria for the 
EFA included that factor loadings were preferably above 0.5 with a gap 
between cross-loadings of at least 0.1. Cross-loadings should not be higher 
than 0.3 and factor membership must be meaningful and useful. Reliability 
testing with Cronbach’s alpha was performed to decide whether an item 
should be removed. Since intention was only measured by one item, we 
omitted this item from the analyses. 
Next, confirmatory factor analyses (CFA) were performed on the other half 
sample to obtain a cross-validation, using the LISREL 8.7 programme 
(Jöreskog & Sörbom, 2004). Besides the chi-square test statistic, the 
adequacy of the model fit was evaluated using the goodness-of-fit index 
(GFI), adjusted goodness-of-fit index, comparative fit index (CFI) and the 
root mean squared error of approximation (RMSEA). The GFI, AGFI and CFI 
should be above 0.95 (Schumacker & Lomax, 2004) and for RMSEA values 
Measuring determinants of oral health behaviour in preschool children 
33 
 
below 0.06 indicate a good fit (Hu & Bentler, 1999). The chi-square divided 
by the degrees of freedom can be regarded as a less biased fit estimate than 
the chi-square because it is less sensitive to sample size. This ratio should be 
small; values below three are considered satisfactory (Bollen & Long, 1993). 
To improve the model fit, error variances between the items were allowed 
to correlate, based on the modification indices.  
The internal consistency of the obtained components was tested by means 
of Cronbach's alpha. Pearson correlations between the scales were also 
calculated. Multiple regression analyses were applied to evaluate whether 
the scales measuring attitude, subjective norms and PBC could predict 
intentions, and whether intention and PBC could predict behaviour. For 
every participant, a scale score was constructed by calculating the mean of 
the items that measured the same underlying factor (e.g. attitudes towards 
dietary habits). These analyses were performed using PASW Statistics 17. 
3 Results 
Forty-nine percent of the five-year-olds were girls; the mean age was 5.3 
(+/- 0.32) years. Eighty-eight percent of all questionnaires were completed 
by the mother of the child. The age of the parent who completed the 
questionnaire ranged from 22 to 51, with a mean age of 34.4 (+/- 4.3) years. 
The response rate was 87%. 
All items showed sufficient variation across the response categories (i.e. less 
than 95% of responses in a single category), so no items were removed on 
the basis of this criterion. Still, skewness and kurtosis values greater than 1 
were present for respectively 19 and 29% of the variables. That is why, for 
the confirmatory analyses, a polychoric correlation matrix and its asymptotic 
covariance matrix was calculated by Prelis 2.5 (Jöreskog and Sörbom, 2004), 
with Weighted Least Squares as estimation method. When a more stringent 
criterion was applied (standard deviation less than 0.75), a low 
discriminative power was found for three items, one for each behaviour. 
These items were removed.  
An overview of the component loadings resulting from exploratory factor 
analyses is presented in Table 3.1. With regard to dietary habits, a solution 
of four components was found, explaining 44% of the total variance. Two 
attitude-items were removed due to a conflict in the reliability analysis, and 
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another item due to high loadings on two components. The same analysis 
was conducted for the items associated with oral hygiene habits. Four 
components were extracted, which jointly explained 49% of the variance, 
after removal of two items that loaded high on two components. Finally, a 
principal component analysis was done for the items of dental attendance. 
Because four items referring to ‘norms of family’ and one item referring to 
‘norms of experts’ obscured the interpretation, they were removed. After 
removal of these items, four components were extracted, which jointly 
explained 55% of the total variance. A description of the components and 
the number of items are presented in Table 3.2.  
The model obtained in the exploratory factor analysis of dietary habits met 
all criteria for a good fit to the data (χ² = 314.31, df = 113, p < 0.001, χ²/df = 
2.78, RMSEA = 0.06, CFI = 0.95, GFI = 0.97, AGFI = 0.97). For oral hygiene 
habits, fit indices provided only a moderate fit (χ² = 367.37, df = 98, p < 
0.001, χ²/df = 3.7). After allowing two correlations between error variances, 
the model obtained in the exploratory factor analysis exhibited sufficient fit 
to the data (χ² = 314.96, df = 96, p < 0.001, χ²/df = 3.3, RMSEA = 0.068, CFI = 
0.92, GFI = 0.97 and AGFI = 0.96). The same holds for dental attendance, 
where the model also lacked adequate fit (χ² = 309.58, df = 84, χ²/df = 3.68). 
After allowing two error variances to correlate, fit indices turned out to be 
adequate (χ²= 236.16, df = 82, p < 0.001, χ²/df = 2.88, RMSEA = 0.06, CFI = 
0.95, GFI = 0.98 and AGFI = 0.97). An overview of the factor loadings 
resulting from CFA is presented in Table 3.1. In column C the factor loading 
of every item obtained through confirmatory factor analyses is shown. 
These factor loadings are the parameter estimates from the measurement 
equations, as calculated by the LISREL programme. 
Internal consistency coefficients ranged from 0.52 to 0.80 (see Table 3.2). A 
value of 0.70 is generally regarded as an acceptable level, but lower 
thresholds are often used in literature (Reynaldo and Santos, 1999). Taking 
into account the sensitivity of Cronbach's alpha to a low number of items, 
these values suggest that the scales are homogenous. 
Table 3.2 also lists the Pearson correlations between the scales. Overall, 
moderate positive intercorrelations were found between the scales, 
suggesting that the scales are measuring distinct, but related constructs. The 
correlations between the two norm scales for dietary habits on the one 
hand and oral hygiene habits on the other hand are moderate. So is the 
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correlation between the two ‘belief’ scales for dental attendance, which are 
both constituted of items measuring attitudes.   
Predictive values and the explained proportion of variance resulting from 
the multiple regression analyses to predict intentions are summarized in 
Table 3.3. Both norm factors related to dietary habits and oral hygiene 
habits were combined as well as both factors measuring attitudes towards 
dental attendance. It is clear that intentions were significantly predicted by 
attitudes, norms and PBC, as prescribed in the TPB.  
To measure the impact on the actual reported behaviour, four outcome 
measures were used to assess dietary habits: the consumption of sugar 
containing (1) in-between meals, (2) in-between drinks, (3) drinks at night 
and (4) snacks at night. Consumption by the child of in-between meals and 
drinks was predicted both by PBC and intention. Having a drink at night was 
predicted by PBC and to a lesser extent by intention. Yet PBC was the only 
significant predictor for the consumption of snacks at night. For oral hygiene 
habits, (1) brushing frequency and (2) help with brushing were used as 
outcome measures. Intention and PBC were significant predictors of both 
brushing behaviours. Finally dental attendance, measured by the child’s last 
reported visit to the dentist, was predicted both by intention and PBC. These 
results are shown in Table 3.3.  
4 Discussion 
This study aimed to develop a valid and reliable (Dutch) questionnaire, 
based on the TPB, for the measurement of three important behaviours 
(dietary habits, oral hygiene and dental attendance), which impact on oral 
health in preschool children.  For each of these behaviours, exploratory 
analyses on one half of the dataset and subsequent confirmation using CFA 
on the other half revealed an underlying structure that to a large extent 
reflected the TPB dimensions, in the sense that four, instead of the common 
three TPB-components, were identified. Whereas subjective norms were 
hypothesised to measure a single concept, a distinction arose between 
norms of partner / family and friends, versus norms of experts/ others for 
dietary and oral hygiene habits. However, moderate correlations between 
these components might indicate that they are derivatives of the same 
underlying construct. The same applies to dental attendance, where attitude 
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fell apart in two components, beliefs about immediate outcomes, which 
reflect the possible discomfort or fear children might have when visiting the 
dentist, and beliefs about long-term outcomes, reflecting the positive 
consequences of visiting the dentist for oral health later in life. Again, 
moderate correlations between both components point to the presence of a 
common underlying attitudinal construct.  
In terms of external validation of the questionnaire, multiple regression 
analyses indicated that the scales measuring attitude, subjective norms and 
PBC all contributed strongly to the prediction of the intention to perform all 
three oral health related behaviours, and that intentions and PBC predicted 
significantly all reported behaviours. The one exception is ‘snack at night’, 
which was only predicted by PBC and not by intention. 
A significant percentage of variance of intentions and behaviours among 
parents of five-year olds is explained by the model. The combined 
determinants explained 27% to 41% of the variance in intention, which is in 
line with the percentage reported by Armitage and Conner (Armitage & 
Conner, 2001). They found in their meta-analytic review that attitude, 
subjective norms and PBC in combination accounted for 39% of the variance 
in intention across 154 studies. In the same review, intentions and PBC 
explained 27% of the variance in behaviour across 63 studies. The results of 
our study related to visiting the dentist and brushing frequency are in line 
with this review as the model explained respectively 41% and 46% of the 
variance in behaviour. For ‘help with brushing’ and the behaviours 
concerning dietary habits, the prediction of behaviour by the TPB model is 
small to modest as intention and PBC explained only 1% to 15% of the 
variance. Environmental determinants or other cognitive factors could 
account for another portion of the variance in these behaviours. These 
results confirm the predictions of earlier studies and thereby add to the 
construct validity of the TPB towards oral health related behaviour (Astrom 
& Kiwanuka, 2006). When looking at the individual contribution of each 
component to the prediction, perceived behavioural control turned out to 
be the most important predictor of intentions and behaviours. Interventions 
aiming to improve behaviour should take this into account. One appropriate 
technique to improve these control beliefs is through a skills training (Michie 
et al., 2008).  
There are some limitations in our study. First, it must be noted that our 
study did not use identical methods to measure the TPB-constructs as the 
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studies described by Armitage and Conner. In our questionnaire, the 
constructs of attitudes and subjective norms were only measured indirectly 
(using the underlying beliefs). According to the TPB, the indirect measure 
has two components, namely the belief and an evaluation of this belief. We 
however decided not to measure the evaluations of every behavioural 
belief, as several authors stated that in some cases such an evaluation can 
be absurd (e.g. Godin & Kok, 1996). In accordance with the suggestions of 
these authors we omitted the obvious evaluation items and diverged slightly 
from the TPB. Therefore comparing results should be done carefully. 
Nonetheless, this study reveals satisfactory psychometric qualities of the 
questionnaire, which makes it a useful tool for investigating oral health 
behaviours in five-year old children.  
Secondly, it must be noted that intentions and behaviour were measured in 
the same questionnaire, so there is no time frame between both 
measurements. 
In conclusion, this study demonstrated the applicability of the TPB in 
predicting parental oral health behaviour among five year old children, and 
produced a valid and reliable questionnaire to measure the cognitive 
concepts related to this theory. The questionnaire can be used to define the 
determinants that play an important role in parental oral health behaviour, 
so preventive actions can be targeted to them. 
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Table 3.1. Component and factor loadings for the behaviour ‘dietary habits’, 
‘oral hygiene habits’ and ‘dental attendance’ 
Dietary habits 1 2 3 4 C 
Less candy helps to prevent dental caries  .74 -.13 -.12 -.07  .96 
If we limit the amount of snacks for our 
child he/she will have healthier teeth 
later 
 .72 -.14 -.12 -.03  .92 
Sugary food is damaging for the teeth  .67   .00 -.01  .00  .67 
Sugary snacks make my child fat  .62 -.09 -.08 -.10  .61 
Sweets hinder the appetite of my child  .52 -.18 -.01 -.10  .63 
It’s important for my partner to give our 
child healthy snacks between the meals 
(e.g. fruit instead of a cookie) 
-.08   .81  .11  .11  .93 
It’s important for my partner to limit the 
amount of snacks for our child 
-.27  .77  .02  .08  .80 
My partner's opinion about our child's 
nourishment is important to me 
-.15  .69  .16 -.01  .74 
My parent's opinion about our child's 
nourishment is important to me 
-.05  .28  .64  .01  .42 
My dentist advices me to give my child 
healthy snacks 
-.21  .13  .63 -.06  .72 
My family doctor gives me advice on 
healthy snacks for my child 
 .12  .00  .60  .03  .35 
My dentist's opinion about our child's 
nourishment is important to me 
-.40  .09  .58 -.07  .77 
The teachers and board of directors from 
the school find it important that the 
children receive healthy snacks during 
playtime 
-.12  .05  .51  .06  .45 
In our family it is difficult to prevent our 
child from receiving sugary snacks (drinks 
and food) 
-.07  .05  .04  .71  .74 
It’s often hard to say no to my child when 
he/she wants candy 
 .03 -.10 -.22  .64  .66 
We succeed in giving healthy drinks to 
our child as in betweens 
-.19  .13  .06  .56  .53 
We succeed in giving healthy snacks to 
our child as in betweens 
 .02  .40  .19  .50  .75 
Dietary habits: 1 = attitude, 2 = norm partner, 3 = norm others, 4 = perceived 
behavioural control, C = CFA; Underlined values indicate the highest component 
loading for a given item. 
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Table 3.1 continued 
Oral hygiene 1 2 3 4 C 
We don’t get our child to brush his/her 
teeth twice a day 
 .80  .07  .01  .01  .73 
We don’t have time to help our child 
brush his/her teeth twice a day 
 .80  .00  .05 -.03  .85 
It’s time-consuming to check each day 
whether our child has brushed his/her 
teeth 
 .65 -.01  .15  .26  .82 
We manage to brush our child’s teeth 
every day 
 .60  .03  .28  .19  .72 
When it comes to oral hygiene, my 
friends’ and acquaintances’ opinion is 
very important to me 
-.02  .78 -.03  .02  .75 
When it comes to oral hygiene, my 
parent’s opinion is very important to me 
-.02  .69  .18  .01  .78 
Our friends and acquaintances find it 
important that we help our child to brush 
his/her teeth twice a day 
 .12  .68 -.07 -.15  .83 
My parents find it important that my 
child’s teeth get brushed properly 
 .17  .58  .34  .06  .82 
It’s important for my  family doctor that 
my child’s teeth already get brushed at 
an early age 
 .10  .12  .74 -.10  .93 
It’s important for my pediatrician that my 
child’s teeth already get brushed at an 
early age 
 .06  .21  .73 -.05  .80 
It’s important for my dentist that my 
child’s teeth already get brushed at an 
early age 
 .09  .02  .71  .17  .83 
When it comes to oral hygiene, my 
partner’s opinion is very important to me 
 .14  .35  .46  .11  .59 
Buying a toothbrush and toothpaste for 
the whole family is expensive 
-.05  .01 -.06  .63  .28 
When my child brushes his/her teeth too 
much, they come loose 
 .19 -.22  .15  .59  .55 
The risk on dental caries decreases when 
my child brushes his/her teeth every day 
 .08  .05  .43  .57  .57 
Brushing teeth is annoying for a child  .37  .01 -.18  .57  .63 
Oral hygiene habits: 1 = perceived behavioural control, 2 = norm of family and 
friends, 3 = norm of experts and partner, 4 = attitude, C = CFA. Underlined values 
indicate the highest component loading for a given item. 
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Table 3.1 continued 
Dental attendance 1 2 3 4 C 
We don’t have time to take our child to 
the dentist 
 .78  .21 -.09  .08  .87 
I don’t see myself taking my child to the 
dentist 
 .67  .39 -.12  .04  .91 
I think of making an appointment with 
the dentist 
 .66  .14  .12  .32  .87 
We manage to take our child to the 
dentist twice a year 
 .63  .04  .19  .36  .71 
For a child a visit to the dentist is not 
terrible at all 
 .06  .80  .03  .16  .79 
Going for a check-up at the dentist is a 
traumatic experience for a child 
 .28  .79 -.06  .06  .91 
Taking my child to the dentist is 
unpleasant 
 .46  .67  .04  .10  .90 
Regularly taking your child to the dentist 
for a check-up, makes that your child is 
not afraid of the dentist 
 .07  .57  .05  .46  .70 
When it comes to visiting the dentist, my 
pediatrician’s opinion is important to me 
-.01  .01  .83 -.04  .69 
When it comes to visiting the dentist, my 
family doctor’s opinion is important to 
me 
-.03 -.03  .76 -.13  .40 
When it comes to visiting the dentist, my 
parent’s opinion is important to me 
-.09 -.10  .65  .13  .51 
It’s important for our pediatrician that 
we take our child at an early age to the 
dentist 
 .10  .08  .63  .17  .85 
When it comes to visiting the dentist, my 
partner’s opinion is important to me 
 .17  .25  .41  .07  .74 
Regularly paying visits to dentist provides 
my child’s teeth to longer stay sound and 
healthy 
 .14  .12  .02  .81  .86 
The risk on dental caries decreases when 
you regularly take your child to the 
dentist for a check-up 
 .22  .11  .05  .81  .85 
Dental attendance: 1 = perceived behavioural control, 2 = beliefs about immediate 
outcomes, 3 = motivation to comply, 4= beliefs about long-term outcomes. C = CFA. 
Underlined values indicate the highest component loading for a given item. 
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Table 3.3. Multiple regressions for the contribution of attitude, subjective 
norms and perceived behavioural control to intention and for the 
contribution of intention and perceived behavioural control to the 
prediction of behaviour concerning dietary habits, oral hygiene habits and 
dental attendance 
 
 R² β t P 
Intention towards dietary habits 0.27    
Attitude  0.25 8.30 < 0.001 
Subjective norms  0.19 6.43 < 0.001 
Perceived control  0.29 10.66 < 0.001 
Intention towards oral hygiene habits 0.36    
Attitude  0.14 5.37 < 0.001 
Subjective norms  0.14 5.43 < 0.001 
Perceived control  0.49 18.09 < 0.001 
Intention towards dental attendance 0.41    
Attitude  0.09 2.85 < 0.05 
Subjective norms  0.09 3.89 < 0.001 
Perceived control  0.57 19.23 < 0.001 
Dietary Habits – In-between meals 0.06    
Intention  - 0.11 - 3.53 <0.001 
Perceived control  - 0.17 - 5.49 <0.001 
Dietary Habits – In-between drinks 0.15    
Intention  - 0.11 - 3.55 <0.001 
Perceived control  - 0.33 - 11.00 <0.001 
Dietary Habits - Drink at night 0.01    
Intention  0.09 2.65 <0.05 
Perceived control  - 0.12 - 3.64 <0.001 
Dietary Habits - Snack at night 0.03    
Intention  0.02 0.48 0.635 
Perceived control  - 0.17 - 5.22 <0.001 
Oral hygiene - Brushing frequency 0.46    
Intention  0.18 6.64 <0.001 
Perceived control  0.56 20.65 <0.001 
Oral hygiene - Help with brushing 0.10    
Intention  0.18 5.12 <0.001 
Perceived control  0.18 5.11 <0.001 
Dental attendance - Last visit to dentist 0.41    
Intention  0.13 4.26 <0.001 
Perceived control  0.55 18.50 <0.001 
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Preface 
To evaluate the impact of each of the TPB-factors on the parental 
behaviours towards the child, questionnaire data was used from 2137 
children at birth (October 2003 – July 2004), at age 3 years (2007) and at age 
5 (2009). Also, all health care workers (N=1157) that were active in the 
regions and in Child and Family were questioned at children’s age three 
years (2007). The questionnaires assessed oral health-related behaviours 
and the underlying psychological determinants based on the TPB. In the 
study design below it is indicated on which groups of children the present 
study is based. 
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Abstract 
 
Objective. This study aims to test the predictive validity of the Theory of 
Planned Behaviour applied to oral health-related behaviours of parents 
towards their preschool children  and of health care workers.  
Methods. Data for this study were obtained from the parents of 2137 
children, born between October 2003 and July 2004 in four distinct regions 
in Flanders, Belgium, and from 1157 health care workers who were active in 
these regions. Three behaviours related to oral health (dietary habits, oral 
hygiene habits, dental attendance) and their psychological determinants 
based on the Theory of Planned Behaviour (attitude, subjective norms, 
perceived behavioural control (PBC), intention) were measured using 
validated self-report questionnaires when the children were three years 
(February – June 2007) and five years old (March – June 2009). The health 
care workers completed questionnaires when children were three years old 
(2007).  
Results. Multiple linear regression analyses indicated that the contribution 
of attitudes, subjective norms and PBC towards intention, and of intention 
and PBC towards the frequency of consumption of sugared snacks and 
drinks, brushing and dental attendance was significant (p<0.001). The 
combined determinants explained 24% to 38% of the variance in intentions 
of parents of preschool children and 22 to 59% in intentions of health care 
workers.  
Conclusion. This study supports the validity of the TPB to predict intentions 
and oral health-related behaviours of parents of preschool children and of 
health care workers. In parents, interventions should aim to improve their 
attitudes, whereas in health care workers emphasis should be placed on 
enhancing their perceived behavioural control. 
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1 Introduction 
Although the prevalence of dental caries has declined markedly in western 
countries in the last decades, caries epidemiology remains an indispensable 
part of dental public health (Marthaler, 2004; Petersen, 2003). Oral ill health 
is highly related to lifestyle factors such as diet and lack of adequate oral 
hygiene. To maintain optimal oral health, it is therefore generally 
recommended to brush teeth twice daily, to avoid consuming sugar-
containing snacks and drinks between meals, and to visit the dentist on a 
regular basis (Harris et al., 2004; Karjalainen et al., 2001; Wendt et al., 1996; 
Scottish Intercollegiate Guidelines Network (SIGN), 2005).  
As these recommendations generally require a behavioural change, health 
behaviour theories can be informative to understand the determinants of 
oral health-related behaviours. The Theory of Planned Behaviour (TPB; 
Ajzen, 1991) is one of the models that is most often used to map the 
psychological determinants of health behaviour. According to this theory, 
behaviour is a function of intentions towards the behaviour, modified by the 
perceived behavioural control (PBC). Intention, which is considered the 
immediate antecedent of behaviour, is in turn based on attitudes towards 
the behaviour, subjective norms, and PBC (Figure 1, p.8). Attitudes can be 
defined as the positive or negative evaluations of the expected outcome of 
the behaviour. Subjective norms refer to the perception of social normative 
pressures to engage in a behaviour. These norms are based on beliefs about 
the perceived judgement of significant others (e.g. friends, family, dentist) 
regarding that behaviour. The extent to which these norms influence 
behaviours depends on the motivation to comply with the norms. PBC refers 
to the degree to which the individual believes the behaviour is under his/her 
control. It is determined by control beliefs, which are beliefs about the 
presence of factors that may facilitate or impede the performance of the 
behaviour, and by the perceived power of these factors. As such, PBC, like 
attitudes and subjective norms, has an influence on intentions but can also 
influence behaviour directly, to the extent that the perception of control 
accurately reflects actual control (Figure 1).  
The predictive validity of the TPB has been demonstrated in meta-analytic 
reviews covering a wide range of behavioural domains, including oral health 
(Luzzi & Spencer, 2008; Godin & Kok, 1996; Buunk-Werkhoven et al., 2011). 
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However, few studies have investigated the applicability of the TPB in young 
children (Astrom & Kiwanuka, 2006; Finlayson et al., 2007) or in health care 
workers (Koyio et al., 2013; Bonetti et al., 2009). Health care workers can 
provide parents of young children with information and advice concerning a 
healthy diet and oral hygiene habits, and refer them to the dentist for 
checkups. Moreover, they can set the example by performing appropriate 
oral health practices themselves. The present study therefore aims to test 
the predictive validity of the TPB regarding oral health-related behaviours in 
preschool children’s parents and in health care workers. 
2 Methods 
Data for this study were obtained from the parents of 2137 children, who 
were born between October 2003 and July 2004 in four distinct regions in 
Flanders, Belgium and from 1157 health care workers who were active in 
the same regions. In each region, at least 500 newborn children were 
included in the study if their parents gave consent and if they did not meet 
the exclusion criteria (e.g. serious medical problems with impact on oral 
health, insufficient language skills to complete a questionnaire in Dutch). All 
children participated in the ‘Smile for Life’ study, an intervention study 
aiming to improve oral health in preschool children.  
Separate questionnaires were constructed for the parents of the children 
and for the health care workers. Both were structured and validated using a 
concept validation approach (Clark & Watson, 1995) and validation data 
were published elsewhere (Defranc et al., 2008; Van den Branden et al., 
2013). Questionnaire data were collected when the children were three 
(February – June 2007) and five years old (March – June 2009). The health 
care workers completed the questionnaires when the children were three 
years old (2007).  
For parents, data on dietary habits, which refers to avoiding the child’s 
consumption of sugar-containing in-between snacks and drinks on a daily 
base, was measured with two questions: the frequency of (1) ‘consumption 
of sugar-containing in-between drinks’, and (2) ‘consumption of in-between 
meals’. Answers were reported on a five-point Likert-scale ranging from 
‘never’ to ‘more than once per day’. Two items measured oral hygiene 
behaviour looking at the ‘frequency of brushing’ (with answers on a 4 point 
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scale ranging from ‘never’ to ‘twice per day or more’) and at the ‘frequency 
of helping with brushing’ (with answers on a 4 point scale ranging from 
‘never’ to ‘every day’). Dental attendance was measured by asking when the 
child was last seen by the dentist, with answers on a 4-point scale ranging 
from ‘never’ to ‘six months ago or less’.  
In addition, the questionnaires included statements to measure parental 
beliefs about dietary habits, oral hygiene habits and dental attendance, 
based on the TPB, to be rated on 5 point Likertscales (1 = strongly disagree, 
2= disagree, 3 = no opinion, 4 = agree, 5 = strongly agree). For dietary habits, 
the questionnaire comprised 18 questions, representing four scales: attitude 
(five questions), norms of partner (three questions), norms of others (five 
questions), PBC (four questions) and intention (one question). Oral hygiene 
habits were measured through 17 items, also representing four scales, each 
composed of four items: PBC, norms of family and friends, norms of partner 
and experts, and attitude. Intention was measured with one item. Finally, 
dental attendance was measured with 16 questions, representing four 
scales, namely PBC (four questions), beliefs about immediate outcomes 
(four questions), beliefs about long-term outcomes (two questions), 
subjective norms (five questions) and intention (one question). The 
questionnaires were distributed to the parents trough the kindergarten 
teachers.  
For the health workers, four questions addressed their personal health 
behaviours. Dietary habits, which refer to avoiding the consumption of 
sugared in-between snacks and drinks on a daily base, were measured with 
two questions: the frequency of consumption of in-between drinks and 
meals. Answers were reported on a Likert-scale with 5 categories ranging 
from ‘never’ to ‘more than once per day’. One item measured oral hygiene 
behaviour looking at the frequency of brushing, with answers on a 5-point 
scale ranging from ‘never’ to ‘twice per day or more’. Finally, dental 
attendance was measured by asking when was the last time the health 
worker went to the dentist, with answers on a 3-point scale ranging from 
‘more than five years ago’ to ‘less than a year ago’. With regard to dietary 
habits, four items measured attitude; five items measured subjective norms; 
three items measured perceived behavioural control and one item 
measured intention. With regard to oral hygiene habits, three items 
measured attitude, four items measured subjective norms; four items 
measured perceived behavioural control and one item intention. With 
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regard to dental attendance, four items measured attitude; three items 
measured subjective norms, four items measured perceived behavioural 
control and one measured intention. All items were phrased as statements 
to be rated on a 5-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = 
no opinion, 4 = agree, 5 = strongly agree). This study protocol received 
ethical approval from the Medical Ethics Committee at the Catholic 
University Leuven, Belgium.  
Data exploration and statistical analyses were performed with SPSS Statistics 
version 17. The data were first explored for missing values, outliers and 
influential data. Cook’s D was calculated with a cut-off of 4/n. All cases 
exceeding this cut-off might be influential points. The residuals were 
examined on normality, heteroscedasticity and independence. Negatively 
phrased items were recoded. Linearity between the predictors and the 
outcome variable was investigated as well as collinearity between the 
predictors. Multiple regression analyses were applied to evaluate whether 
the scales measuring attitude, subjective norms and PBC could predict 
intention, and whether intention and PBC could predict behaviour, as 
presumed by the TPB. R² was calculated as an indicator of explained 
variance. F-tests, t-tests and accompanying p-values were calculated, a 
significance level of alpha < 0.05 was adopted.  
3 Results 
In all participating children (N=2137), the response rate was 63% (N=1353) 
at the age of three years and 75% at the age of five years (N=1606). The 
major reason for missing data at age three (24% of the original cohort) as 
well as at age five (17%) was the lack of identification of the kindergarten 
the child attended or refusal of the school to collaborate. Of all children who 
were retrieved at school, 83% of parents completed the questionnaire at the 
age of three and 91% at the age of five, which means that most of the 
missing data could be categorized as missing at random. An overview of the 
retrieval rates in the intervention and control group is provided in Figure 4. 
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Parents’ oral health behaviour towards the child 
Sugar-containing snacks and drinks in-between meals were provided daily to 
the majority of children at age three years (75% and 53% for snacks and 
drinks respectively) and at age five years (83% and 51% respectively). For 
83% of the three-year-olds and 88% of the five-year-olds, the teeth were 
brushed on a daily basis. However, 65% of children had never visited the 
dentist at age three years. At age five years, most children had been to the 
dentist for a preventive visit, but still 25% had not.  
The mean scores for attitudes, subjective norms, PBC and intentions 
fluctuated around response category three (no opinion) and four (agree). 
Pearson correlations with intention were significant for all factors (Table 
4.1). There were no significant deviations from normality. 
For dietary habits, 32% (at age three years) and 26% (at age five years) of 
the variance in the intention to avoid sugar-containing snacks and drinks 
could be attributed to attitude, norms of partner and PBC (Table 4.1). Norm 
of others was not a significant predictor of intentions. With regard to oral 
hygiene habits, respectively 35 and 38% of the variance in intention to brush 
the teeth of the child daily was accounted for by three of the four predictors 
in the TPB. 
Intention was best predicted by PBC, followed by attitude and norm of 
expert and partner. Norms of family and friends could not predict 
intentions. Finally, the analysis for dental attendance revealed that 24% of 
the variance in the intention to take the child to the dentist for a check-up 
twice a year could be explained by all four predictors (Table 4.1).  
Consumption by the child of in-between meals and drinks was predicted 
both by PBC and intention. The proportion of variance explained by the 
model is however quite low, ranging between 5 and 11%. Intention and PBC 
were also significant predictors of brushing frequency and dental 
attendance. For the prediction of brushing frequency, the TPB factors could 
account for 43% of the variance. For dental attendance, the explained 
variance was 15% at age three and 28% at age five (Table 4.2).  
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Health care workers’ oral health behaviour 
Forty-six percent of the health care workers consumed a sugar-containing 
snack at least once a day, but only 16% consumed a sugar-containing drink 
daily. Most health care workers had visited the dentist less than a year ago 
(83%) and brushed their teeth twice a day (60%). 
For brushing frequency and dental attendance, detrended QQ plots and 
standardised residual plots showed slight diversions from normality. Also 
higher values for kurtosis were seen for these behaviours (>1), indicating 
that the data is not normally distributed. 
The mean scores for attitudes, subjective norms and PBC of the health care 
workers fluctuated around response category three (no opinion) and four 
(agree), except for attitudes towards diet where a mean score of 2.58 was 
seen, referring to response category ‘don’t agree’. All factors correlated 
significantly with intentions (Table 4.3).  For dietary habits, 22% of the 
variance in the intention to avoid sugar-containing snacks and drinks could 
be attributed to attitude, norms of partner and PBC (all p<0.001, Table 4.3). 
With regard to oral hygiene habits, 47% of the variance in intention to brush 
the teeth daily was accounted for by two predictors in the model of TPB. 
Intention was predicted mostly by PBC, followed by norms. Attitudes 
however could not predict intentions. The analysis for dental attendance 
revealed that 59% of the variance in the intention to go to the dentist for a 
check-up twice a year could also be explained by two of the three 
predictors. Again attitudes could not predict this intention (Table 4.3).  
Consumption of in-between meals and drinks, brushing frequency and 
dental attendance were significantly predicted both by PBC and intention. 
The proportion of variance explained by the model was moderate, ranging 
between 13 and 54% (Table 4.4).  
4 Discussion  
The aim of this study was to test the predictive validity of the TPB for oral 
health-related behaviours of parents towards their preschool children at age 
three and five years and of health care workers. Multiple linear regression 
analyses indicated that the contribution of the determinants identified by 
the TPB (attitude, subjective norms and PBC) towards intention and of 
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intention and PBC towards the consumption of sugar-containing snacks and 
drinks, brushing frequency and dental attendance was significant. The 
combined determinants explained 24% to 38% of the variance in intentions 
of parents of preschool children and 22 to 59% in intentions of health care 
workers, which is in line with the percentage reported by Armitage and 
Conner (Armitage and Conner, 2001). The proportion of explained variance 
for the behaviours ranged from 5 to 54%, whereby lower predictive values 
were seen for dietary habits and higher values for oral hygiene habits. Lower 
predictive values related to dietary habits were observed earlier in relation 
to sugar snacking in preschool children (Astrom and Kiwanuka, 2006). 
Environmental determinants or other cognitive factors could account for 
another portion of the variance in these behaviours.  
The contribution of the specific factors differed for parents and health care 
workers. Attitude emerged as a very important predictor of intentions of all 
three parental behaviours, whereas in health care workers, it was not a 
significant predictor of the intentions towards oral hygiene and dental 
attendance. In contrast, for the health care workers intentions were most 
strongly predicted by PBC. The latter was also a very important predictor of 
intentions towards brushing behaviours in parents of preschool children. 
This is in line with the study of Finlayson and co-workers. (Finlayson et al., 
2007), who observed that maternal self-efficacy, which is similar to the 
concept of PBC, was a strong predictor of preschool children’s brushing 
frequency. The fact that not all three factors contribute significantly to the 
prediction of intentions does not imply a lack of support for the TPB. 
Depending on the stage in the process of behaviour change, the three 
components may have a differential impact on intention (Prochaska and 
Diclemente, 1992). For example, it has been reported that the importance of 
attitudes as a determinant of health-related behaviour strongly increases 
when one becomes aware of the importance of performing a certain 
behaviour (i.e. in the contemplation phase), whereas PBC is more important 
when reaching the preparation phase (De Vries et al., 1998). It seems 
plausible that health care workers have advanced further in the process of 
behaviour change, as it concerns their own behaviours, whereas the parents 
have to establish new behaviours towards their growing children. 
It is fair to acknowledge the limitations of our study. Firstly, it must be noted 
that there was no time lag between the measurement of intention and 
behaviour, as they were both measured in the same questionnaire. 
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Secondly, it must be mentioned that only 63 % of children could be 
retrieved at age 3, which caused a substantial amount of missing data. 
However in our opinion, the effect of non-responders on the outcomes 
remains small, as most of the data were missing due to a lack of 
identification of the kindergarten the children attended, which can be 
considered as missing at random. Of all children retrieved, 84 % completed 
the questionnaire at age three, and 91% at age five, which can be 
considered a high response rate. Thirdly, for brushing frequency and dental 
attendance in health care workers, slight diversions from normality were 
observed in the data, which might be due to the ordinal character of these 
variables.  
In conclusion, this study supports the validity of the TPB to predict 
intentions and oral health-related behaviours in parents of preschool 
children and in health care workers. Moreover, the relative importance of 
the different components of the TPB in predicting behavioural intentions 
and behaviour suggests that for the parents, interventions should aim to 
improve their attitudes towards diet and dental attendance, and their 
perceived behavioural control toward oral hygiene habits. For the health 
care workers, most emphasis should be placed on improving their perceived 
behavioural control. It would be interesting to check if these conclusions can 
be confirmed with regard to other health-related behaviours.  
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Preface 
The original aim for this study was to assess the longitudinal impact of the 
intervention after three and five years for each of the behavioural 
determinants (attitudes, subjective norms, PBC) of the three oral health 
related behaviours (dietary habits, oral hygiene habits, dental attendance). 
 Linear mixed model analyses were conducted on the questionnaire data of 
the 2137 children at birth, at age 3 and 5 years, with a correction for the 
educational level of the mother. Against our expectations, no differences in 
the determinants could be accounted to the oral health intervention. For 
dietary habits, parents in the control group presented with better intentions 
and PBC compared to the intervention group at each measurement. For oral 
hygiene habits and dental attendance, attitudes, PBC and intentions were 
also more favourable in the control group (Table 5.1).  
On the other hand, the results indicated natural changes of the parental 
determinants between birth and the age of 5, independent of the 
intervention. It seemed reasonable to assume that the determinants of 
parental oral health-related behaviours change as the child grows older. 
However, a literature search indicated that natural time trends in oral health 
beliefs of parents towards their children have remained largely unexplored.  
To address this shortcoming, analyses were performed only in the control 
group (N=1057) to describe the natural changes. Additionally, the effect of 
maternal educational level on these trends was investigated, as the 
literature search indicated that socio-economic status could have an impact 
on the determinant scores. In the study design below it is indicated on 
which group the present study is based. 
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Abstract 
 
Background. Parental oral health-related beliefs have an important impact 
on the oral health status of their offspring; yet, they are not stable over 
time.  
Aims. This study aimed to assess the changes with time in the determinants 
of parental oral health-related behaviour based on the Theory of Planned 
Behaviour, and to investigate socio-economic inequalities.  
Method. The cohort consisted of the parents, mainly the mothers of 1057 
children, born in 2003 and 2004 in Flanders (Belgium). According to the 
Theory of Planned Behaviour, validated questionnaires, completed at 
children’s birth, and at age three and five years, assessed parental attitudes, 
social norms, perceived behavioural control and intention towards three 
behaviours: dietary habits, oral hygiene habits and dental attendance. Linear 
mixed model analyses were applied.  
Results. Positive parental attitudes towards oral health related behaviours 
increased between birth and age three, whereas the scores for subjective 
norms and intentions decreased. Scores remained stable between ages 3 
and 5. Highly educated mothers had significantly higher scores for attitudes, 
perceived behavioural control and intentions than less educated mothers.  
Conclusion. Health promotion campaigns should take these natural changes 
and inequalities of dental beliefs into account when developing and 
evaluating interventions. 
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1 Introduction 
Oral health related habits are established very early in life (Johnsen, 1995). 
In preschool children, the development of these habits is mediated by the 
parental behaviours, mostly those of the mother (Mohebbi et al., 2008). 
Minimizing sugar containing snacks and drinks, helping with tooth brushing 
and regularly taking the child for a preventive oral examination are 
examples of parental behaviours that will have a positive impact on the 
child’s oral health (Harris et al., 2004; Karjalainen et al., 2001; Rodrigues & 
Sheiham, 2000; Wendt et al., 1996; Scottish Intercollegiate Guidelines 
Network (SIGN), 2005). These parental behaviours are in turn influenced by 
the parents’ beliefs and attitudes (Adair et al., 2004). Cross-sectional studies 
have shown that a negative attitude of parents towards healthy diet and 
oral hygiene is a risk indicator for caries experience in their offspring (Abiola 
et al., 2009; Skeie et al., 2006; Schroth et al., 2007; Pine et al., 2004a). This 
has been supported in longitudinal studies illustrating that parental oral 
health related attitudes were clearly associated with caries increment in 
their children in early childhood and later in life (Skeie et al., 2008; 
Broadbent et al., 2006; Alm et al., 2008).  
To fully understand how preventive health related behaviour is based on 
parental beliefs and attitudes, explanatory models like the Theory of 
Planned Behaviour (TPB, Figure 1, p.8) can be informative (Ajzen, 1991). 
According to this theory, behaviour is a function of intentions towards the 
behaviour, modified by the Perceived Behavioural Control (PBC). Intention, 
which is considered the immediate antecedent of behaviour, is in turn based 
on attitudes towards the behaviour, subjective norms, and PBC (Figure 1). 
Attitudes can be defined as the positive or negative evaluations of the 
expected outcome of the behaviour. Subjective norms refer to the 
perception of social normative pressures to engage in a behaviour. These 
norms are based on beliefs about the perceived judgement of significant 
others (e.g. friends, family, dentist…) regarding that behaviour. The extent 
to which these norms influence behaviours depends on the motivation to 
comply with the norms. PBC refers to the degree to which the individual 
believes the behaviour is under his/her control. It is determined by control 
beliefs, which are beliefs about the presence of factors that may facilitate or 
impede the performance of the behaviour, and by the perceived power of 
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these factors. As such PBC, like attitudes and subjective norms, has an 
influence on intentions, but can also influence behaviour directly, to the 
extent that the perception of control accurately reflects actual control 
(Figure 1).  
 
The TPB has been applied to a range of health related behaviours, including 
oral health (Luzzi & Spencer, 2008; Godin & Kok, 1996; Buunk-Werkhoven et 
al., 2011). Several studies used the TPB to investigate the role of 
determinants towards parental oral health related behaviour concerning the 
child and towards the oral health status of preschool children.  FINLAYSON 
et al. observed that maternal self-efficacy, which is similar to the concept of 
perceived behavioural control, was a strong predictor of preschool 
children’s brushing frequency (Finlayson et al., 2007). Astrom and Kiwanuka 
reported that parental PBC was significantly related to their children’s caries 
experience, as parents of children with caries experience perceived 
themselves to have less control over their child’s intake of sugared snacks 
and perceived them to be more susceptible to tooth decay compared to 
parents of children without caries experience. Attitudes, subjective norms 
and PBC also contributed significantly to the prediction of intention to 
control sugar snacking in the preschool child, although the explanatory 
power in this case was low (Astrom & Kiwanuka, 2006).  
Although it seems reasonable to assume that the determinants of parental 
oral health-related behaviours change as the child grows older, natural time 
trends in parental oral health beliefs have remained largely unexplored. To 
our knowledge, only one published study explored the evolution over time 
of parental oral health-related beliefs and attitudes and its impact on the 
oral health habits in preschool children. Skeie et al. (Skeie et al., 2010) 
observed that parental attitudes towards the oral health of preschool 
children became more positive when the children were five years old 
compared to when they were three years old. However, this positive 
evolution was not observed in parents with an immigrant background, and 
poor dental attitudes were observed in less educated parents. The latter 
points to the importance of the broad socio-economic environment in which 
a child is raised. Children from lower socio-economic backgrounds generally 
have higher oral disease levels and less favourable oral health related 
behaviours (Pine et al., 2004a; Skeie et al., 2010; Marthaler, 2004; Petersen, 
2008; Petersen, 2003; Christensen et al., 2010; Eckersley & Blinkhorn, 2001; 
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Shiboski et al., 2003; Leroy et al., 2011). Maternal educational level has been 
indicated as a good proxy of socio-economic status (Pine et al., 2004b). A 
lower educational level has been associated with less positive attitudes 
towards healthy diet and with parental indulgence (Skeie et al., 2010)and 
parents’ attitudes and intentions for controlling preschool children’s sugar 
snacking have been found to be more positive in higher educated parents 
(Astrom & Kiwanuka, 2006). However, both studies did not include other 
behavioural determinants than attitudes. As such, the understanding of 
social differences and longitudinal patterns in parental determinants of oral 
health related behaviour is incomplete. To address this shortcoming, the 
present study aimed to assess time trends in parental determinants related 
to oral health in their pre-school child between birth and the age of five 
years, and to investigate whether maternal educational level, as a proxy for 
socio-economic status, has an impact on these time trends. 
2 Methods 
Participants in this study were 1057 parents whose children were born 
between October 2003 and July 2004 in two geographical regions of 
Flanders, which served as control regions in an oral health promotion 
project called ‘Smile for Life’ (Tandje de Voorste). This project was 
performed in collaboration with ‘Child and Family’, a governmental agency 
organising the well-baby care, which provide preventive health care and 
educational guidance free of charge for children from birth until the age of 
three. Participation in this service is optional and independent of social 
status or background. Up to 97% of all newborn children in Flanders have at 
least one home visit by a nurse. More than 90% participate in at least one 
preventive consultation at the well-baby clinics during the first year of life. 
All participants were offered the standard care programme of Child and 
Family. Within the frame of that programme, they received basic oral health 
education on two occasions: When the child was six months old, the advice 
was given to start tooth brushing; at the age of two year, parents were 
advised to take the child for a dental examination.  
 
Parents of all children born during the period of recruitment were informed 
about the project at the first home visit, in order to include at least 500 
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children in each region. Parental informed consent was obtained via a cover 
letter. Children were excluded if parents had insufficient language skills to 
complete a Dutch questionnaire, in case of serious illness that could have an 
impact on the child’s oral health, in case of premature birth (<37wk), if 
parents did not attend the well-baby care, or if they moved out of the region 
shortly after birth. In case of twins, only the child whose name was 
alphabetically ranked first was included in the study. The number of in- and 
excluded children is summarized in Figure 5. The study protocol received 
ethical approval from the Medical Ethics Committee at the Katholieke 
Universiteit Leuven, Belgium. 
 
Figure 5. Number of children included and excluded in the control group, 
retrieval rates at ages three and five years and response rates of the 
retrieved children
1
 
                                                                
1
 The numbers differ slightly from the ones presented in Figure 4, due to 
differences in the definition of ‘retrieved children’. In this study, a child was 
categorized as ‘retrieved’ when data was available from a) a completed 
questionnaire or b) results from the dental exam.  
In Figure 4, a child was categorized as ‘retrieved’ when it was contacted, 
including those who refused to participate further (= no quest. data, no 
dental exam available).  
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Data were obtained at birth (October 2003 – July 2004), at age three year 
(February – June 2007) and at age five year (March – June 2009) through 
structured questionnaires, including statements to measure parental ideas 
about children’s dietary habits (DH), oral hygiene habits (OH) and dental 
attendance (DA) based on the TPB. At birth the questionnaires were 
distributed by the nurses of the governmental agency Child and Family 
during the first home visit and at ages three and five year by the 
kindergarten teachers. The questionnaires were validated: Principal 
component analyses revealed four component structures reflecting the TPB 
dimensions for each of the three behaviours, accounting for 44% to 55% of 
the variance. Internal consistency (Cronbach's alpha) of the scales ranged 
from 0.52 to 0.80. Up to 46% of the variance of intentions and behaviours 
was explained by the model (Van den Branden et al., 2013). 
The questionnaire comprised 18 items to measure the determinants of 
dietary habits, classified in five scales: attitude (five questions), norms of 
partner (three questions), norms of others (five questions), PBC (four 
questions) and intention (one question). Determinants related to oral 
hygiene habits were measured through 17 items, also classified in five 
scales: PBC, norms of family and friends, norms of partner and experts, 
attitude and intention. Each scale comprised four items, except intention 
which was measured with one item. Finally, dental attendance was 
measured through 16 items, classified in five scales, namely PBC (four 
questions), beliefs about immediate outcomes (four questions), beliefs 
about long-term outcomes (two questions), subjective norms (five 
questions) and intention (one question). Participants were asked to rate 
each statement on a five-point Likert scale (1 = strongly disagree, 2= 
disagree, 3 = no opinion, 4 = agree, 5 = strongly agree). Maternal 
educational level was measured according to level of education as primary -, 
secondary -, higher education, or university level. In preparation of the 
analyses, the answers were binary recoded in two categories: low 
educational level (primary and secondary education) and high educational 
level (higher education and university). Also, negatively phrased items were 
recoded. For every participant, a scale score was constructed by calculating 
the mean of the items that measured the same underlying factor (e.g. 
attitudes towards dental attendance); these scale scores were calculated at 
birth, at age three year and at age five year. As such, the analyses were not 
based on the individual Likert scores, but on these scale scores.  
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Data exploration and statistical analyses were performed using PASW 
Statistics version 17. The data were first explored for missing values, 
outliers, normality assumptions, skewness and kurtosis. As the data and 
residuals were normally distributed, group mean scores and standard 
deviations of all dependent variables were calculated for every age category 
and educational level of the mother. For DH, the dependent variables were 
the determinant scores on intention, attitudes, norms of partner, norms of 
other and PBC at the three ages, resulting in five separate analyses. For OH, 
five analyses were performed with the scores for intention, attitudes, norms 
of family/friends, norms of experts and PBC at the three ages as outcome 
variables. Finally, for DA, five analyses were performed using the scores for 
intention, beliefs about immediate outcomes, beliefs about long-term 
outcomes, subjective norms and PBC. To assess the time trend and impact 
of maternal educational level on the determinants of oral health-related 
behaviour, a linear mixed models procedure was used with a restricted 
maximum likelihood estimation method. In every analysis, two predictors 
were included in the model: age and maternal educational level. To control 
for the repeated measurements in every subject, the variable “age” was 
indicated as a repeated factor with three measurements per subject (age 0, 
3 and 5 year).  
A significance level of 0.05 was used for statistical testing. An overview of 
the analyses and the applied rational is shown in Figure 6. When full-model 
testing indicated significant interactions between age and educational level, 
contrast testing was applied to further explore this. In case of no interaction, 
it was removed from the model and only the main effects of both fixed 
factors were estimated. When an effect of age was present, pairwise 
comparisons with Bonferroni correction were executed on the estimated 
marginal means to investigate the differences in mean scores between birth 
and age three year, birth and age five year and age three and five year. 
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Figure 6. Rationale of statistical analyses 
3 Results 
Forty-nine percent of the participating children were girls. The age of the 
parent who completed the questionnaire at birth ranged from 16 to 54 year, 
with a mean age of 30 year (SD = +/- 4.5); 93% were completed by the 
mothers. The number of high-educated mothers was 572 (60%) compared 
to 379 low-educated mothers (40%). Data on educational level were missing 
for 106 mothers.  
The response rate was 92% at birth, 56% at the age of three year and 66% at 
the age of five year. The major reason for missing data at age three (34% of 
the original cohort) as well as at age five (27%) was the inability to identify 
the kindergarten the child attended or refusal of the school to collaborate. 
Among children who were retrieved at school, 84% of parents completed 
the questionnaire at the age of three and 91% at the age of five. This means 
that most of the missing data could be categorized as ‘missing completely at 
random’ (Figure 5).  
In Table 5.2, the number of participants included in every analysis is 
presented, as well as the mean scores and standard deviations of the 
dependent variables, categorized by survey year and by educational level.  
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Overall, the mean determinant scores for dietary habits ranged between 3 
and 4. The lowest mean determinant scores were seen for norms of others 
and PBC, whereas the highest mean determinant scores were observed for 
intentions and attitudes.  
A main effect of educational level on each of the five determinant scores 
related to dietary habits of the child was observed: mothers with a high level 
of education had significantly higher scores compared to mothers with a low 
educational level (Table 5.2). Main effects of age were noted for intentions, 
attitudes and norms, but not for PBC. Intention scores declined in the first 
three years (Figure 7a), followed by a stabilisation. Post-hoc tests indicated 
significant differences between birth and age three and five year (both p < 
0.001). Attitude scores were significantly higher at age three and five year 
compared to birth (Figure 7a); this was the case for both educational groups, 
but more so amongst highly educated mothers, as indicated by an 
interaction effect. Additional contrast testing indicated a significantly larger 
increase in mean attitude scores of high educated mothers between birth 
and age three (t[757] = 3.13, p < 0.05) and between birth and age five 
(t[983] = 3.52, p < 0.001) compared to less educated mothers, while scores 
remained stable between ages three and five year in both groups. Mean 
scores for norms of partner decreased over the whole period (Figure 7a) and 
post-hoc tests indicated significant differences between birth and age three 
and five year (both p < 0.001). An interaction effect was seen for norms of 
others, with a significantly different trend in high- and low-educated 
mothers; a decrease in norm scores between birth and age three (t[1069] = -
3.72, p < 0.001) and five (t[1184] = -4.05, p<0.001) was seen among highly 
educated mothers, but not among low-educated mothers. Between ages 
three and five there was an equal decrease in both groups and contrast 
testing indicated no interactions.  
Mean determinant scores related to the oral hygiene habits of the child 
were relatively low for norms of family/friends, compared to the other 
variables (Table 5.2). Main effects of maternal educational level were seen 
for all determinants, except for PBC: highly educated mothers scored 
significantly higher on intentions and attitudes, and lower on subjective 
norms compared to less educated mothers (Figure 7b). Main effects of age 
were present for all determinants. Mean attitude scores increased with age 
and an interaction was present between age and educational level. Contrast 
testing indicated that the increase between birth and age five was larger for 
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highly educated mothers (t[1340] = 2.41, p < 0.05), indicating a more 
favourable trend in  attitudes than in less educated mothers. For norms of 
family/friends a significant increase between birth and the age of three year 
was seen (all p < 0.001), followed by a stabilisation (Figure 7b). For norms of 
experts and partner a totally different pattern was seen, with a decrease in 
the first three years, followed by an increase in the last two years (all p < 
0.05).  Finally, a decrease was seen in the first three years for PBC (all p < 
0.001) and intention (all p < 0.05), followed by comparable scores two years 
later (Figure 7b).   
For dental attendance, highest mean determinant scores were seen for PBC 
and beliefs about long-term outcomes (Table 5.2). There were main effects 
of maternal educational level for both attitude measures and PBC, with 
higher scores for highly educated mothers (Table 5.2, Figure 7c).  
For age, main effects were seen for all determinants except for beliefs about 
long-term outcomes. For beliefs about immediate outcomes the post-hoc 
tests indicated an overall increase with significant differences between all 
ages (all p < 0.001). The same accounts for PBC, but differences were only 
significant between birth and age three year (p < 0.001). Subjective norms 
showed a decrease in the first three years (p < 0.001), followed by a 
stabilisation (Figure 7c). Finally, mean scores for intention tended to 
decrease in the first three years (p < 0.001) and increase again between ages 
three and five year (p < 0.05, Figure 7c). 
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Figure 7. Mean scores of the dependent variables for dietary habits (a), oral 
hygiene habits (b) and dental attendance (c) at birth, age 3 year and age 5 
year 
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4 Discussion  
The present study aimed to assess time trends in parental determinants of 
oral health related behaviour towards their preschool children and to 
investigate the impact of maternal educational level, as a proxy of socio-
economic status.  
During the whole study period scores for attitudes, intentions and PBC 
remained favourable towards a healthy life style. On the other hand, scores 
for subjective norms were low at birth, indicating that parents did not attach 
much importance on the opinion of others; besides these scores also 
diminished with age, suggesting that parents did not experience much social 
pressure related to diet and dental attendance.  
In general, attitudes towards the three behaviours increased between birth 
and the age of three years. This increase can be explained, as parents 
received the standard preventive health programme at the well baby clinics 
in this period, which included some very basic oral health information. It is 
possible that the exposure of parents to this information led to an increase 
in their awareness and attitudes. On the other hand, a decrease of intention 
scores in these first three years was observed for all behaviours, probably 
because of barriers arising in daily life, which conflicted with the good 
intentions reported at birth. Behaviours such as healthy eating and tooth 
brushing require effort from the parents on a daily basis, which may inhibit 
an increase of these intentions. Consistently, this might also explain the 
decrease over time in PBC scores towards oral hygiene habits. 
It is striking that for dietary habits and oral hygiene habits, attitudes, norms, 
PBC and intentions showed different evolutions, whereas the Theory of 
Planned Behaviour predicts them to be interrelated and influencing each 
other. However, the relative contribution of each factor can depend on the 
motivational stage of behaviour change that an individual is in. Earlier 
research showed for example that attitudes were low in the pre-
contemplation phase, but increased strongly as soon as one became aware 
of the importance of performing certain behaviour (i.e. contemplation 
phase). PBC on the other hand remained low during pre-contemplation and 
contemplation phase, and started to increase only when the preparation 
phase was reached (De Vries et al., 1998). It is possible that parents changed 
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phases during the observation period, which might explain the changes in 
the determinants.  
For dental attendance the increases in attitudes and PBC between ages 
three and five years were accompanied by an increase in intentions, as 
predicted by the TPB (Ajzen, 1991). The increase in attitudes between these 
ages is also in line with the results from Skeie et al (Skeie et al., 2010). It is 
indeed possible that these determinants increased because the child was 
presenting with an oral health problem and had to visit the dentist for a 
treatment.  
Important differences were observed between mothers with a high and low 
level of education:  mean scores for attitude, PBC and intention were 
significantly higher in highly educated mothers at all ages, whereas these 
mothers seemed to attach less importance to the norms of important 
others, as they had significantly lower scores compared to low educated 
mothers. These results are in line with the research from Skeie et al., where 
low-educated mothers tended to have more unfavourable dental attitudes 
(Skeie et al., 2010). There are several possible explanations for the poorer 
dental attitudes in low-educated parents. Norms and attitudes of parents 
may be influenced by prevailing child-rearing norms in their communities 
(Skeie et al., 2008) and be transmitted from one generation to the other 
(Sisson, 2007). In lower-educated parents, oral health might not be valued 
as positive and important in comparison with high-educated parents 
(Astrom & Kiwanuka, 2006). In case of financial difficulties in daily life, good 
oral health habits might not be a priority for the parents. Also low-educated 
parents often lack the skills to process certain health-related information 
and to interact with institutions and health professionals, leading to less 
positive attitude scores (Christensen et al., 2010). 
As health determinants are predictive of intentions, behaviour and oral 
health status (Astrom & Kiwanuka, 2006), social differences in these 
determinants might explain part of the health inequalities in caries 
experience and other pathology. Many studies indicated that parental oral 
health behaviours were worse among groups of low socio-economic status 
(Pine et al., 2004a; Eckersley & Blinkhorn, 2001; Shiboski et al., 2003)leading 
to worse oral health in their offspring. The present study shows that the 
inequalities in oral health are already present at the level of the 
determinants prior to the behaviour.  
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It must be noted that for the statistical analyses parametric methods were 
applied, although the data were originally derived from Likert-scales, on 
which non-parametric methods would be more obvious. There is however a 
consensus that ordinal data can be treated as interval-level data, when the 
data is normally distributed and there is a large number of participants. As 
our data met these conditions, linear mixed model analyses could be applied 
and interpreted meaningfully. Additionally, no individual Likert scores were 
used, but mean scores derived from multiple items, that measure the same 
underlying factor. This method has been applied earlier in research applying 
the Theory of Planned Behaviour (Luzzi & Spencer, 2008; Francis et al., 2004; 
Astrom & Okullo, 2004). 
It is appropriate also to consider the limitations of this study. First, it must 
be noted that the measurement of socio-economic status did not 
incorporate all potential indicators of social inequality, as it was only based 
on maternal education and not on income, occupation etc. However, 
educational level of the mother has been suggested as a good proxy for 
socio-economic status previously (Pine et al., 2004b). Also, all parents who 
did not continue their education after the age of 18 were assigned to the 
category ‘low educational level’. It would have been interesting to make a 
distinction between parents who only finished primary school and those 
who finished secondary school. Unfortunately, the group who only finished 
primary school was too small to analyze separately, therefore both groups 
were combined. Secondly, as the questionnaires were only available in 
Dutch, children whose parents did not understand Dutch – often from 
families with an immigrant background - were not included in the study. Of 
all families that did not meet the inclusion criteria, 16% were excluded 
because of the language. It might be interesting to translate and validate the 
questionnaires in other languages, to evaluate whether the results can be 
generalized to non-Dutch speaking parents. Thirdly, as we used the same 
questionnaire at three times, it is possible that a learning effect occurred. 
However, there was a gap between the measurements of three and two 
years, which can be considered quite large. It is also possible that a response 
bias towards socially acceptable answers occurred, which is hard to tackle in 
studies where data are gathered through questionnaires.  
In conclusion, parental determinants about the oral health of their children 
tend to change while the child grows older without a targeted intervention 
taking place. Educational programmes aimed at parents of preschool 
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children should take these natural evolutions in account. In order to 
correctly attribute a (positive) outcome to an interventional programme, a 
control group should be included to supervise these time effects. Also more 
attention should be given to parents with a lower educational level, as their 
attitudes, perceived behavioural control and intentions towards healthy 
behaviour are less positive and they tend to experience more social 
pressure. As these determinants are predictive of worse oral health, 
targeted prevention programmes might be needed for parents with a lower 
educational level. 
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Preface 
The aim for this study was to explore differential effects of the ‘Smile for 
life’ project on the behavioural determinants and oral health-related 
behaviours between social groups defined by social class. Maternal 
educational level was used as a proxy of socio-economic status. Logistic 
regression analyses were applied on the clinical and behavioural data of the 
participating children (N=2137) at age three and five years. The variables 
group (intervention vs. control), educational level of the mother (high vs. 
low) and the interaction between both were inserted. Linear mixed model 
analyses were applied for the determinant data. A full factorial model was 
tested, consisting of three variables (age, educational level of the mother 
and group). To control for the repeated measurements in every subject, the 
variable ‘age’ was indicated as a repeated factor with three measurements 
per subjects (age 0, 3 and 5 year).  
Children from higher educated mothers had better determinant scores 
(Table 6.1), better oral health at ages three and five years and better oral 
health related behaviours (Table 6.2) compared to children from low-
educated mothers. Only one interaction effect between group and 
educational level of the mother was observed: for norms of others towards 
dietary habits a different pattern was observed between high- and low-
educated mothers in the intervention and control group. For the other 
determinants, there were no differential effects of the intervention (Table 
6.1). Likewise, no differences could be observed between the intervention 
and control group for the oral health status and behaviours (Table 6.2).   
As there were clear social differences according to the educational level of 
the mother, further analyses were performed in the control group only (N = 
1057), to investigate the existence of a social gradient. 
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Abstract. 
 
Objective. This study aims to investigate the social gradient in the reported 
oral health-related behaviour and oral health status of preschool children.  
Method. Participants were 1,057 children born between October 2003 and 
July 2004 in Flanders, Belgium. Oral health examinations were performed by 
trained dentists when the children were three and five years old 
(respectively in 2007 and 2009); data on dietary habits, oral hygiene habits 
and dental attendance of the children were obtained through structured 
questionnaires completed by the parents. Maternal educational level, 
measured in four categories, was used as a proxy of socio-economic status.  
Results. Logistic and ordinal regressions showed a social gradient for the 
oral health-related behaviours: a lower educational level of the mother was 
related to a higher consumption of sugared drinks between meals and to a 
lower brushing frequency and dental attendance of the child. Children from 
low-educated mothers also had seven times more chance to present with 
caries experience than children from mothers with a bachelor degree. 
Contrary to the expectations, there was a deviation from the gradient in 
three-year-olds from the highest educational group showing an increased 
risk for caries experience (OR=3.84, 95% CI=1.08-13.65).  
Conclusion. Already in very young children, a graded relationship is 
observed between socio-economic position, oral health and related 
behaviours. The results suggest that different approaches are required to 
promote oral health during early childhood depending on the mother’s 
educational background. As children from the highest social group also have 
an increased caries risk, specific techniques may be needed. 
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1 Introduction 
Health inequalities are widely present in society, with individuals from lower 
socio-economic backgrounds generally presenting with higher prevalence of 
poor health (WHO, 2011). These social differences have also been observed 
on the field of oral health. A higher prevalence of caries experience has been 
observed among children who were raised in deprived communities or 
whose parents had a lower educational level or an immigrant background 
(Armfield, 2007; Christensen et al., 2010; Petersen et al., 2005; Skeie et al., 
2006; Tubert-Jeannin et al., 2012; Wigen et al., 2011).  
In most studies investigating the health effects of social differences, 
comparisons are made between individuals from socio-economically 
disadvantaged or advantaged areas or with a high or low educational level. 
As the poorest groups also have the poorest health, actions are generally 
targeted towards the most deprived groups to improve their living 
conditions and health. However, the WHO Commission on Social 
Determinants of Health recently argued that this approach does not capture 
the full extent of inequalities in health (Commission on Social Determinants 
of Health, 2008). Indeed, there is a graded relationship between the socio-
economic characteristics of an individual and his health. Taking this social 
gradient into account means placing the focus on the whole society, as well 
as maintaining specific attention to the poorest. Some evidence on the 
existence of this social gradient in relation to oral health has been provided 
for working-age and older adults (Tsakos et al., 2011). In contrast, the 
existence of a social gradient in the oral health of (preschool) children has 
only been investigated in a handful of studies, revealing a linear relationship 
in the prevalence of caries in young children as related to the socio-
economic position of the parents or the level of deprivation (Kilpatrick et al., 
2012; Levin et al., 2009; Skeie et al., 2006). As oral health in childhood is a 
major predictor of adult oral health (Leroy et al., 2005; Li & Wang, 2002; 
Thomson et al., 2004), it is important to investigate this in more detail. 
Whereas social class has been found to be the most important predictor of 
caries experience (Gibson & Williams, 1999), behavioural factors may well 
function as a mediator between social disparities and health outcomes. In 
preschool children, parents carry the responsibility to organise preventive 
oral health behaviours (e.g. teaching the child to brush his or her teeth, 
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scheduling dental visits or offering healthy in-between snacks and drinks) 
(Declerck et al., 2008; Harris et al., 2004). In Belgium, the Superior Health 
Council advises parents to brush their children’s teeth twice a day using a 
fluoridated tooth paste as soon as the first tooth emerges (Hoge 
Gezondheidsraad, 2011).  
Research indicates that compared to non-deprived peers, children living in 
deprived families are more likely to begin brushing later in life and less 
frequently and to attend the dentist only symptomatically. In addition, their 
parents also tend to give sugared snacks and drinks before bedtime 
(Eckersley & Blinkhorn, 2001; Pine et al., 2004a; Skeie et al., 2006). 
However, no studies exist to date that have investigated whether a social 
gradient exists in reported oral health-related behaviours of (preschool) 
children.  
To address this gap in research, the present study aimed to fully explore 
whether a social gradient is present in the oral health status of preschool 
children as well as in their reported oral health related behaviour. 
2 Methods 
Participants in this study were 1057 children born between October 2003 
and July 2004 in two geographical regions of Flanders (Belgium). All subjects 
served as controls in an oral health promotion project called ‘Smile for Life’ 
(Tandje de Voorste) (Declerck et al., 2008). The project was embedded in 
the framework of the “well-baby clinics”, where preventive health care and 
educational guidance are provided for children in the first three years of life. 
As this service is free of charge, parents from all social backgrounds are 
reached. The coverage is high, up to 90% of the birth cohort, so the sample 
is highly representative for this target group. The parents received oral 
health education on two occasions: (1) when the child was six months old, 
the advice was given to start tooth brushing and (2) at the age of two years, 
parents were advised to take the child for a dental examination.  
Parents of all children born during the recruitment period were informed 
about the project during the first home visit and parental informed consent 
was obtained. Reasons for exclusion were: insufficient language skills of the 
parents to complete a Dutch questionnaire, a serious illness with potential 
impact on the child’s oral health, premature birth (< gestational week 37), 
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the parents made no use of the well-baby care or moved out of the region 
shortly after birth. In case of twins, only the child whose name was 
alphabetically ranked first was adopted in the study sample. An overview of 
the number of in- and excluded children is presented in Figure 5 (Chapter 5, 
p. 70).  
Oral health examinations were performed at age 3 (2007) and at age 5 
(2009) and were carried out in the kindergartens by trained dentists. Data 
were obtained on plaque accumulation and caries experience. The presence 
of visible plaque accumulation on the children’s teeth was recorded as it has 
been identified as an important risk factor for developing caries (Alaluusua 
& Malmivirta, 1994; Leroy et al., 2011). Visible caries experience, hereafter 
referred to as ‘caries’, was calculated for each child; a record was made of 
untreated and treated (filled) teeth as well as teeth that were removed due 
to caries experience  and expressed using the dmft index. For a detailed 
description of the procedures the reader is referred to Declerck et al.(2008). 
Data on behaviours were obtained at the same ages through structured and 
validated questionnaires, distributed through the kindergarten teachers and 
completed by the parents (Van den Branden et al., 2013). The 
questionnaires measured reported dietary habits (DH), oral hygiene habits 
(OH) and dental attendance (DA). For DH, the frequency of ‘consumption of 
sugared in-between drinks’ by the child had been identified as one of the 
most important predictors of caries development in a previous study 
(Declerck et al., 2008). Answers were reported on a Likert-scale with 5 
categories ranging from ‘never’ to ‘more than once a day’. OH was 
measured by investigating the reported frequency of tooth brushing of the 
child (with answers on a 4 point scale ranging from ‘never’ to ‘twice a day or 
more’). DA was measured by asking when the child was last seen by a 
dentist, with answers on a 4-point scale ranging from ‘never’ to ‘six months 
ago or less’. 
Socio-economic status was assessed using the maternal educational level, 
which is considered a good proxy (Declerck et al., 2008; Pine et al., 2004b). 
Shortly after birth during the first home visit the nurses of the well-baby 
clinic recorded the highest educational level the mother had achieved.  The 
answers were recoded into four categories: (1) primary -, lower secondary 
education or special education; (2) higher secondary education; (3) college 
(bachelor level) or (4) university (master level).  
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The study protocol received ethical approval from the Medical Ethics 
Committee of the KU Leuven, Belgium. 
SPSS Statistics version 17 was used for data exploration and statistical 
analyses. The data on plaque accumulation and caries experience were 
recoded into binary variables. Descriptive statistics and cross-tabs were 
calculated to investigate the relationship between oral health and maternal 
educational level. Next, the data were analysed with simple logistic 
regression analyses. Maternal educational level was inserted as a categorical 
predictor with four categories. The largest group was indicated as the 
reference category, which were the mothers who completed college (i.e. 
bachelor level).  
The behavioural data were evaluated with cross-tabulations and ordinal 
regressions (PLUM). Again, educational level was inserted as a categorical 
predictor, with four categories and college group as the reference category. 
Odds ratios and their 95% confidence intervals were calculated. The 
proportional odds model was applied, which means that it was assumed 
that the cumulative odds ratio for any two values of the covariates was 
constant across response categories. This assumption was tested using a 
test for parallel lines. The probability of having (at least) a score versus all 
lower scores was considered. For example, the coefficients describing the 
relationship between brushing twice a day versus less were the same as the 
coefficients describing the relationship between brushing at least once a day 
versus less, etc. 
3 Results 
Fifty-one percent of the participating children were boys. In most cases the 
questionnaires were completed by the mothers (93%); the age of the parent 
who completed the questionnaire at birth ranged from 16 to 54 years, with 
a mean age of 30 (+/- 4.5) years. In total, 133 (13%) of the mothers had 
completed university education and another 436 (41%) attained a college 
degree, which means that more than half of the participants was highly 
educated. In total, 387 mothers (37%) finished secondary education and 59 
mothers (6%) finished primary and/or lower secondary education. Data on 
educational level were missing for 42 mothers (4%).  
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Figure 5 (Chapter 5, p.70) presents the retrieval- and response rates 
throughout the study. Lack of identification of the kindergarten of the child 
or refusal of the school to collaborate were the major reasons for missing 
data at age three (34% of the original cohort) as well as at age five (27%). 
When children were retrieved at school, the majority of the parents 
completed the questionnaire (84% at age three and 91% at age five years) 
and respectively 89% and 96% of the children were examined. Therefore 
most of the missing data could be categorized as ‘missing at random’.  
Caries was observed in 31 (5%) children at age three and in 179 (24%) at age 
five years. However, the proportion of children presenting with caries at age 
three years varied considerably according to maternal education, ranging 
from less than 2% for children of mothers at college level to 12% for their 
peers with mothers at primary or lower secondary education level (Table 
6.3). Compared to the reference group of mothers who had graduated from 
college, the children from the two lower educational groups had 
significantly higher odds for presenting with caries. Contrary to 
expectations, children whose mothers had a university degree also showed 
a significantly higher risk. At age five years, similar yet less pronounced 
results were observed, with only significantly higher odds for children whose 
mothers finished higher secondary education.  
At the age of three, an increased odds of presenting with visible plaque 
accumulation was observed in children from the two lowest educational 
groups, but also in the highest group. These differences were however not 
significant. At age five, a clear social gradient was present, but no significant 
differences were observed according to maternal educational level.   
Analyses on the oral health-related behaviours indicated that at age three 
the majority of children consumed sugared drinks between the meals once a 
day or more, especially in the lowest groups (Table 6.4); at age five years, a 
social gradient was observed (Table 6.4). Expressed as the odds of giving the 
children sugared in-between drinks more often versus less,  children whose 
mothers had followed higher secondary education (at age three and five 
years), or who had only followed primary education (at age five years only), 
scored less favourable (Table 6.5). 
Brushing less than daily was more frequently reported by low-educated 
mothers compared to the reference group (Table 6.4). At both ages, in 
terms of the odds to brush the teeth more frequently versus less, significant 
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differences were observed between the reference group and mothers from 
the two lower groups. Mothers from the highest educational group also 
performed worse than the reference group, although these differences were 
not significant   (Table 6.5).  
A social gradient was also observed for dental attendance: a higher 
educational degree of the mother was related to a higher proportion of 
children having visited the dentist within six months before the study took 
place. A very high proportion of parents from the lowest educational 
category admitted that they had not yet visited the dentist with their three 
year old child (Table 6.4). For mothers who had only followed primary or 
secondary school, the odds of having visited the dentist within six months 
before the survey were significantly lower than those of the reference group 
both at age three and five (Table 6.5). 
4 Discussion  
This study reveals the presence of a social gradient in the reported oral-
health related behaviours and oral health status of preschool children.  
Firstly, the results indicate that plaque accumulation and caries were 
observed more frequently in groups with a lower socio-economic status, and 
that mothers with a low educational level tended to provide more sugared 
in-between drinks to their children, to brush their children’s teeth less 
frequently, and to delay visiting the dentist with the child. This is in line with 
previous research, where lower versus higher social groups were compared 
(Christensen et al., 2010; Eckersley & Blinkhorn, 2001; Pine et al., 2004a; 
Watt & Sheiham, 1999).  
Secondly in addition to a difference between high and low educated groups, 
we also observed a social gradient for caries in five-year-olds, which 
confirms the results of previous studies that investigated this subject 
(Kilpatrick et al., 2012; Levin et al., 2009; Skeie et al., 2006). This social 
gradient was also observed for the oral health-related behaviours, as 
maternal educational level was positively related with the tendency to avoid 
the consumption of in-between drinks, with brushing frequency and with 
visiting the dentist regularly. The daily consumption of sugared in-between 
drinks needs additional attention, as our study indicates that it is offered to 
the majority of children at least once a day. Consuming sugared drinks 
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between meals has been identified as an important risk factor for caries and 
for dental erosion (if they have a low pH)  in young children (Declerck et al., 
2008; Karjalainen et al., 2001; Al-Majed et al., 2002). Also, the majority of 
three-year olds have not yet visited the dentist, especially in the lowest 
education groups. Many parents only take their children to the dentist when 
problems arise. As attending preventive visits is related to a reduced caries 
risk, preventive campaigns could motivate the parents to take their 
preschool children to see a dentist (Leroy et al., 2012).  
It must be noted that the our findings also revealed a diversion of the social 
gradient for caries at age three years and for tooth brushing at ages three 
and five. Children whose mother had graduated from university had 
significantly more caries and reportedly brushed less frequently than their 
peers whose mother had obtained a college degree. Similar findings were 
reported earlier in Flanders regarding the vaccination coverage of 
adolescents: children of parents with a higher educational degree showed a 
better vaccination coverage, except for those whose parents have a 
university degree (Vandermeulen et al., 2008). Further analyses indicate 
that this cannot be attributed to differences in mean attendance level of 
consultations at the well-baby clinics between parents with a college and 
parents with a university degree. It could be hypothesized that mothers with 
the highest education have less time to spend with their children due to 
higher workloads, more often enlist the support of (lower-educated) 
nannies or attach less importance to the preventive messages they receive. 
Qualitative research could contribute to further explore the underlying 
mechanisms.  
This study clearly demonstrates the presence of a social gradient in oral 
health, already in very young children. As oral pathology in early childhood is 
highly predictive of oral health problems later in life, interventions should 
start shortly after birth or even during pregnancy. Sufficient emphasis 
should be placed on the lowest social groups who clearly have the poorest 
oral health and oral health behaviour, but action is also needed towards the 
middle group, as there is still room for improving their oral health. Our 
research even indicates that extra attention might also benefit the highest 
educated parents and their families. 
Because the social gradient was also noticed in the reported oral health-
related behaviours of the children, the role of behaviour as a mediating 
factor should be considered: the socio-economic status of the parents might 
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be directly related to the oral health status of the child, or indirectly through 
mediation of behavioural factors.  It is possible that differences in the oral 
health-related behaviours partly explain the socio-economic inequalities in 
oral health. It was suggested that people from low socio-economic 
backgrounds were more likely to engage in unhealthy behaviour, and lack 
the individual skills and necessary economic or educational resources to 
respond promptly to health promotion initiatives (Marmot et al., 2008; 
Saunders et al., 2006; Sisson, 2007). As a result, individual health education 
approaches might actually widen the health gap between the rich and the 
poor as only those who have the time, money and education to make use of 
health information (the higher social classes) make appropriate changes to 
their behaviour (Marmot & Bell, 2011). Future interventions should 
therefore use tailored education. Targeted interventions should be 
developed, adapted to the differential needs of parents of lower socio-
economic status as well as the higher social groups. On an individual level, 
these interventions should aim to improve behaviours and the behavioural 
determinants of parents of young children (Skeie et al., 2010; Van den 
Branden et al., 2012). Skills training sessions and making use of feedback 
might be appropriate techniques (Michie et al., 2008).  Additionally, these 
interventions should aim to include the broader environment in which the 
families live, and tackle the social, political and environmental determinants 
underlying the inequalities in oral health, for example by evoking policy 
changes (Marmot et al., 2008).  
It is fair also to consider some limitations of the study. Firstly, only maternal 
educational level was used as a measure of socio-economic status. Although 
the educational level of the mother is considered a good proxy for socio-
economic status (Pine et al., 2004b), it could be interesting to include other 
indicators of social inequality, such as income, occupation etc. However, 
within the scope of the present study, it was not feasible to collect data on 
these parameters.  
Secondly, 16% of the families who did not meet the inclusion criteria were 
excluded because the parents’ understanding of the Dutch language was not 
sufficient to complete the questionnaires. Often these families had an 
immigrant background. In future work, the questionnaires should be 
translated and validated for other languages to evaluate the generalization 
of the results among non-Dutch speaking parents. Alternative solutions 
could be to use face to face interviews instead of written questionnaires.  
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It must be mentioned that only 66% of parents could be retrieved at age 
three, leading to a large number of missing data. To our opinion, the effect 
of non-responders on the outcomes remains small, as most of the missing 
data could be categorized as missing at random. Of all parents retrieved, 
84% completed the questionnaire at age three, which can be considered a 
high response rate. At age five, this number even amounts 91%.  
In conclusion, already in preschool children a social gradient was observed: 
the higher the educational level of the mother, the better the oral health of 
the child and the more desirable the reported behaviours. Extra attention is 
however needed for the highest educated mothers, especially in the first 
three years after childbirth, as their children tend to deviate from the 
gradient and present with increased caries experience. The results of this 
study can be used when planning and implementing future interventions to 
reduce inequalities in oral health. 
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Preface 
The process of implementation was evaluated in 2004, 2005 and 2007 with 
questionnaires completed by the parents of the children of the intervention 
group (N=1080), and by the program deliverers (nurses and physicians). In 
addition, during the entire intervention period, the attendance to home 
visits and consultations for every participating child as well as the delivery of 
advice and/or materials during each of the contacts was registered by 
nurses in a computerized child record. Qualitative as well as quantitative 
methods were used to evaluate implementation fidelity, based on a 
theoretical framework. In the study design below it is indicated on which 
group the present study is based. 
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Abstract 
 
Objective. This study evaluates the process of implementation of a 
longitudinal intervention programme to promote oral health in preschool 
children in Flanders, Belgium. As the programme was implemented in an 
existing preventive health care organization, the study also evaluates this 
setting as the context for implementation.  
Method. Qualitative and quantitative methods were used to evaluate 
implementation fidelity, based on Carroll’s theoretical framework of 
implementation fidelity (Carroll et al., 2007). Questionnaire data from 
participants and health workers were analyzed and document analyses were 
performed to compare registrations of the actions with the planning 
manual.  
Results. Results were mixed. Whereas more than 88% of all parents 
attended all home visits, only 57% received at least 9 of the 11 planned 
consultations. Fifty-two percent of the families received all supporting 
materials and on average 73% of all attending families received all 
information at a contact as described in the manual. Moderating factors 
such as the adequate use of facilitators and high participant responsiveness 
had a positive impact on implementation fidelity, whereas the quality of 
delivery differed to a great extent between the nurses who were involved 
during the entire intervention period and those who gave only a few 
sessions.  
Conclusion. Implementing an intervention in an existing well-baby 
programme has many advantages, although lack of time presents a 
challenge to implementation fidelity. The results of this process evaluation 
allow a better understanding of the contribution of implementation fidelity 
to the effectiveness of health promotion programmes. 
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1 Introduction 
Dental caries remains a considerable health problem in young children. 
According to data from the US, the prevalence of caries in 2 to 5 year old 
children has increased from 24% in 1988-1994 to 28% in 1999-2004 
(Tinanoff & Reisine, 2009). In Flanders (Northern part of Belgium), caries 
was detected in almost one out of three five-year olds (Declerck et al., 
2008). Caries experience is associated with many physical and psychological 
problems, affecting overall growth, development and quality of life of the 
child and his or her family (Locker, 2004; Plutzer & Spencer, 2008; Sheiham, 
2006). The estimated public health cost of dental caries in Flanders 
amounted to €185 million in 2010, excluding the costs for sick leave or 
hospitalization related to treatment under general anesthesia (Source: The 
National Institute for Health and Disability Insurance (NIHDI), 2010).  
The prevalence of caries is to a large extent determined by behavioural 
factors, such as the frequent consumption of sugary snacks and drinks, 
insufficient oral hygiene and delaying preventive visits to the dentist 
(Declerck et al., 2008; Harris et al, 2004; Scottish Intercollegiate Guidelines 
Network (SIGN), 2005). In preschool children the development of these 
habits is mediated by parent behaviours, particularly of the primary 
caretaker (Mohebbi et al, 2008). Therefore several interventions have been 
developed to reduce dental decay or to improve oral health-related 
behaviours by educational programmes targeted towards parents (Davies, 
et al, 2005; Feldens et al, 2007; Kowash et al, 2000). In Flanders, the 
community-based oral health promotion intervention programme “Smile for 
Life” was developed, targeting preschool children and their parents. The 
programme was embedded in the framework of the “well-baby clinics”, 
where preventive health care and educational guidance are offered free of 
charge by trained professionals to children from birth until the age of three 
and to their parents. 
Although the “Smile for Life” programme was based on the Theory of 
Planned Behaviour (TPB; Ajzen, 1991) and developed and implemented with 
the use of the Precede-Proceed model (Green & Kreuter, 1999), an 
evaluation using a pre-post test design with a control group revealed only 
limited effects at the level of oral health and oral health-related behaviour 
after three and five years. Two hypotheses were advanced to explain these 
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limited effects: either the intervention was not effective, and/or 
implementation was poor or incorrect. The latter can be explored through 
an in-depth process analysis, including an evaluation of the implementation 
fidelity. Such an evaluation comprises a comparison of the actual delivery of 
the programme with the intended programme as formulated in the planning 
manual.   
Several theoretical models have been proposed to consider the 
implementation fidelity of interventions. The model developed by Carroll et 
al. (2007) is currently the most complete framework for implementation 
fidelity, and has been used extensively for health interventions. The 
principal component in this framework is adherence, which refers to the 
participants’ receipt of the active intervention ingredients with the planned 
dosage. Adherence can be operationally defined with four subcategories, 
namely the coverage, content, frequency and duration of the intervention. 
The term coverage refers to the proportion of parents who were exposed to 
the intervention as intended. Three other factors used to evaluate how 
much of the intervention’s prescribed content has been delivered (content), 
how frequently (frequency) and for how long (duration).  
Level of implementation fidelity is moderated by four interrelated variables. 
The first moderator is intervention complexity: the more complex an 
intervention, the harder it is to duly implement it. There is evidence that a 
higher level of fidelity can be reached when the description of the 
intervention is more specific and detailed. The second moderator is the 
availability of facilitation strategies that help to optimize and standardize 
the fidelity of the implementation, such as a manual, training and feedback. 
The third moderator is termed the quality of delivery, which is defined as 
“the manner in which a programme implementer delivers a programme”. 
The fourth moderator is participant responsiveness, positing that when the 
participants are enthusiastic, higher implementation fidelity will be 
achieved. Hasson (2010) has suggested two additional moderators, namely 
recruitment and context. The former involves the procedure for selecting 
and recruiting participants, the reasons for non-participation, and the 
presence or absence of specific subgroups among the participants, which 
can also impact on participation. Context refers to the organizational 
structure and the culture in which the intervention takes place. A theoretical 
framework showing the relationship between the intervention, adherence, 
outcomes and moderators is presented in Figure 8. Ideally, a process  
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Figure 8. The modified conceptual framework for implementation fidelity 
(Hasson, 2010) 
evaluation should include all the elements of this framework. The aim of the 
present study is to evaluate implementation fidelity in the “Smile for Life” 
study, using this conceptual framework. To our knowledge, this is the first 
study to systematically investigate the implementation fidelity of an oral 
health promotion programme.  
2 Methods 
The “Smile for Life” intervention study 
All children born between October 2003 and July 2004 in two geographical 
regions in Flanders were invited to participate in this study. One region – 
involving 1284 newborns - served as the intervention region, and another – 
involving 1171 newborns - as the control region
2
. Criteria for the selection of 
the control region were: (1) similar socio-economic characteristics, (2) a 
similar attendance rate at the well-baby clinics, and (3) at least 100 km away 
                                                                
2
 On request of the publisher the two interventions regions are considered 
as one, as well as the two control regions, to ease the reading of the 
manuscript. 
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from the intervention region to minimize any potential interventional 
“contamination” of the control region. 
Parents were informed about the project shortly after their child’s birth by a 
nurse of the well-baby clinic and parental informed consent was obtained. 
As the preventive health services are free of charge and the coverage of the 
target group was high (up to 97% receives at least one home visit), parents 
from all social backgrounds were reached. Reasons for exclusion were 
provided in earlier reports (Leroy et al, 2011; Van den Branden et al, 2012). 
In total, 1080 (84%) and 1057 (90%) children in the intervention and control 
groups were included in the study and followed until the age of five.  
A specific intervention programme to promote oral health was developed 
and added to the standard programme of preventive health care at the well-
baby clinics. The standard programme consisted of three home visits by a 
nurse, and 11 consultations by a physician and nurse between the child’s 
birth and age three. It included regular assessments of the health, growth 
and development of the child and health education for the parents. Oral 
health-related education in the standard programme was limited to 
information about oral hygiene at six months and dental attendance at 24 
months. The control group received this standard programme.  
For parents in the intervention group, additional oral health-related 
education was provided through the nurses on 14 topics, like breast feeding, 
pacifier use, parental oral hygiene, water consumption, and brushing 
behaviour. This oral health information was addressed once or more during 
the 14 scheduled contact moments (i.e., home visits and consultations), 
together representing a total of 55 information items. The average number 
of items scheduled at a given contact was four. All nurses working in the 
intervention region received specific training on oral health and several 
training and feedback sessions were organized during the intervention 
period to keep their knowledge up to date and to discuss problems 
encountered during the intervention.  
As previous studies indicated that oral health education alone was only 
effective in increasing knowledge (Strippel, 2010; Vachirarojpisan et al, 
2005), the parents also received supplementary educational materials (i.e., 
child health booklet, toothbrush, toothpaste sample, cup and placemat). All 
intervention components are presented in Table 7.1. Furthermore, all health 
care professionals practicing in the intervention region were informed about 
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the project and posters were provided to inform their patients. The 
programme was based on the concepts of behavioural change described in 
the TPB (Ajzen, 1991). In addition to the TPB-determinants, factors related 
to memory and attention processes were also used to evoke a behaviour 
change. For every determinant of behaviour, behavioural change methods 
were used that were recently judged to be effective in changing the 
behaviour based on expert consensus (Michie et al, 2008). The determinants 
and applied techniques are presented in Table 7.2.  
To evaluate the effect of the study, reported oral health-related behaviours 
and psychological determinants based on the TPB were assessed with 
pretested and validated questionnaires (Van den Branden et al, 2013) 
shortly after birth (2003-2004) and when the child had reached the age of 
three (2007) and five (2009). The TPB determinants were significant 
predictors of intentions and behaviours. Oral health examinations were 
performed by trained dentist-examiners in the kindergartens at age three 
and five to investigate clinical signs of visible caries experience. A detailed 
description of these procedures was provided earlier (Leroy et al., 2011). 
The “Smile for Life” study protocol received ethical approval from the 
Medical Ethics Committee at the Katholieke Universiteit Leuven, Belgium. 
 
Measures of implementation fidelity 
All core components of the model of Carroll (Carroll et al., 2007) were 
measured to evaluate implementation fidelity among the participants of the 
intervention group. 
 
Adherence 
Adherence was measured with four components: coverage, content, 
frequency and duration.  To evaluate the coverage, the proportion of 
parents who received the home visits and/or attended the consultations 
was calculated. Having attended all three home visits and nine out of eleven 
consultations was considered a cut-off for adequate participation. To 
evaluate whether the information and materials were delivered with the 
content and frequency as planned, the number of topics and materials 
received by the parents were calculated. The cut-off was set on 41, which 
equals percentile 75 of the total amount of 55 topics. For every contact 
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moment, the intervention dose was calculated: the number of topics and 
materials delivered was divided by the maximum number of intervention 
components planned. Duration was measured by calculating the time spent 
on the intervention. The nurses were asked to make an estimation of the 
time they spent on average on the oral health-related education. A cut-off 
for an adequate duration could not be a priori determined, as the 
intervention was included in the standard programme and was tailored to 
the individual needs of each family. 
 
Moderating factors  
Data were collected for three moderating factors mentioned in the model: 
the use of the facilitating factors, the quality of delivery and the participant 
responsiveness. It was not feasible to collect data regarding the remaining 
moderators of the model, but these will be addressed in the discussion 
section.  
To evaluate whether implementation fidelity was enhanced through the use 
of the facilitators, it was investigated (1) whether the training was sufficient 
in terms of content, extensiveness and practical applicability and (2) 
whether the majority of nurses used the manual and child health booklet. 
The quality of delivery was evaluated by investigating the differences in the 
way the nurses implemented the intervention, reflecting the effect of 
training. To evaluate participant responsiveness, both nurses and parents 
were questioned. The nurses were asked (1) if parents showed interest in 
the oral health information provided, (2) if they were enthusiastic about the 
materials and (3) if they kept record of the tooth emergence sequence of 
the children. Next, it was investigated whether (1) parents thought they 
learned something from the project and whether (2) their attitudes changed 
as a result of the programme. We did not find any cut-off scores for these 
factors in the literature. Therefore the evaluation of the proportions was 
done qualitatively in comparison with the planning manual.  
The following data sources were used to evaluate the moderating factors.  
First, the participating nurses and physicians completed a questionnaire to 
evaluate the implementation process in 2004 (both nurses and physicians) 
and 2005 (nurses). The questionnaires contained 35 items for the nurses 
and 13 for the physicians, addressing beliefs about the adequacy of the 
training, the meaning and feasibility of the intervention, feelings related to 
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implementation, participant responsiveness, use of materials and timing. 
For the majority of questions, participants were asked to rate their answers 
on a 5-point scale ranging from ‘not at all’ to ‘strongly agree’. Open-ended 
questions were inserted for detailed clarifications. After the analysis of the 
registration and questionnaire data, a focus group interview was held with 
the nurses. Ten questions were developed by the researchers, to clarify 
some ambiguities that had arisen from the analyses and to confirm the 
results derived from the other data sources. The focus group discussion was 
moderated by one researcher and assisted by a second researcher. The 
conversation was audio-taped; a verbatim transcript of the entire focus 
group discussion was produced and compared with the handwritten notes 
taken by the researchers to fill in the gaps. Concluding remarks were 
formulated and discussed to reach consensus between both researchers and 
to avoid subjective interpretations. The conclusions were summarized in a 
written document. 
Secondly, at the end of the implementation in 2007, the parents’ 
experiences with the project were assessed via a questionnaire. Two 
questions were applied to investigate whether they had learned something 
from the project and whether they noticed a change of their attitudes 
towards oral health. Answers were given on a five-point Likert scale ranging 
from ‘nothing at all’ to ‘a lot’.  
 
Data Analysis 
To evaluate the implementation fidelity of the “Smile for Life” project, 
quantitative and qualitative methods were used in a complementary 
manner (Malterud, 2001). In order to evaluate the adherence and 
moderating factors of implementation fidelity, the data records registered 
by the nurses and of the questionnaire data were analyzed using SPSS 
Statistics 17. After data cleaning, descriptive statistics and cross-tabs were 
calculated. Systematic document analyses were executed to compare the 
planning manual with the nurses’ registrations during implementation. To 
facilitate comparisons, all planned actions were extracted from the manual 
and listed in a data file. The comparisons were performed by one 
researcher, under supervision of four other researchers. 
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3 Results 
Adherence 
Coverage 
All families included in the intervention except 5 received at least one home 
visit, and 1039 (96%) families were present on at least one consultation. A 
total of 954 families (88%) received all three home visits. The number of 
children who received at least 9 of the 11 planned consultations was 618 
(57%). On average, at each contact moment 78% of parents were present 
(Table 7.3).  A lower attendance rate was observed for consultation 1 (32%) 
and to a lesser extent for consultations 10 (62%) and 11 (51%). The reasons 
for these “dips” in attendance were given during the focus discussion, 
where the nurses explained that in case of time shortage in the well-baby 
clinics organization, the first and/or last consultations were not offered to 
the parents as no vaccinations were scheduled at these contact moments.   
 
Content and frequency  
On average, 64% of the intervention (topics and materials) was delivered to 
the parents (Table 7.3). The number of informational items received by the 
parents ranged between 2 and 55, with a mean of 34.8 (SD=12.1). Only 10% 
of the families received less than 14 items (25th percentile) and 41% 
received more than 41 (75th percentile); the median score was 37. For 14 
children (1% of the intervention group) there was no trace of any oral health 
information provided. As revealed from the focus discussion, the reasons 
why not all parents received the scheduled information was either that the 
parent was absent and therefore could not be offered the information (this 
was the case for on average 22% of parents) or that there were other (e.g. 
medical, educational) problems that needed to be discussed within the 
short time available, leaving not enough time for oral health education. The 
latter was the case for on average 14% of the parents.  Overall, however, 
73% of the parents present at a given contact received the oral health 
information items as planned. The only exceptions were consultations 10 
and 11, where many attending parents did not receive all the information, 
even after excluding the high absence rates. An analysis of the records 
showed that the topic for which education was least often provided was the 
advice to visit the dentist.  
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With regard to the distribution of the materials, the child health booklet was 
distributed as planned to all participants at the first home visit. When the 
first tooth emerged around the age of six months, 73% of the children in 
both regions received a toothbrush, a sample of toothpaste and a cup. The 
placemat was offered to 81% of the children and the second toothbrush and 
toothpaste were given to 83% of the children.  
In all, 52% of the children received all three educational materials, 34% only 
two, and 15% only one. For 131 children (12% of the intervention group) 
there had been no registration of these items. A discussion about this 
inconsistency during the group conversation with the nurses revealed that 
these children had probably received the materials, but that this had not 
been registered in the computerized child record due to high work load. 
 
Duration  
When asked how much time was spent on average on oral health education, 
53% of the nurses reported to have spent more than 10 minutes during the 
first home visit to inform the parents about the project, ask their consent, 
distribute the questionnaire and provide the first scheduled oral health 
topics. The remaining 47% of the nurses spent between 5 and 10 minutes. 
During the following home visits, all nurses spent less than 10 minutes to 
cover the scheduled oral health topics, but on average 80% of them used 
more than five minutes. During the consultations, approximately 69% of the 
nurses spent less than five minutes on education, with a mean duration of 3 
minutes, and only 31% spent more than five minutes. It should be 
considered however, that the average time for a complete consultation was 
limited to 10 minutes. Moreover, the nurses declared that the time spent on 
oral health also depended on the specific characteristics of each family: in 
families with a firstborn child, or with lower-educated mothers (i.e. who did 
not continue educational training after primary and/or secondary school), 
more time was spent on oral health education. In families where other 
problems needed to be discussed, less time was spent on the oral health 
topics.  
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Moderators 
Facilitating factors  
A detailed manual, tailored training and feedback were provided to the 
nurses to enhance implementation fidelity. An overview of the information 
topics to be discussed and materials to be delivered was made on a separate 
sheet and included in the standard computerized record to guide the nurses 
during the home visits and consultations. Ninety-three percent of the nurses 
considered the training as sufficient in terms of content, extensiveness and 
practical applicability, and 87% found the manual easy to use. However, only 
40% of the nurses reported that they actually used the manual during the 
contact moments. In fact, the manual was primarily used to rehearse oral 
health education before discussing it with the parents, to answer parents’ 
questions, and to check if all topics had been discussed. In contrast, 87% of 
the nurses reported that they often or always used the comprehensive child 
health booklet during home visits and consultations. 
 
Quality of delivery  
The quality of the delivery, or the differences in the way the nurses 
implemented the intervention, could only be measured by calculating the 
average number of items each nurse had discussed during the contacts. 
According to the analyses, 15 nurses, who participated during the whole 
project, referred to hereafter as the “permanent” group, implemented the 
programme most completely, as on average 70% of the parents had 
received all the information planned. All permanent group members were 
women with a mean age of 38.3 (SD=10.2) years and 13.8 (SD=11.2) years of 
professional experience in the well-baby clinic. Four nurses, who had joined 
the project when the intervention had already started, were also able to 
implement the programme as planned; 63% of the parents seen by these 
nurses received all the oral health topics. In contrast, for the 23 nurses who 
participated only once or in a few consultations as replacement workers 
when someone of the permanent group was absent for a period of time, a 
lower level of implementation quality was observed. Although some of them 
discussed a number of topics with the parents and handed out the 
materials, others did not implement the programme at all, probably because 
they were less well informed about the project and did not receive a manual 
or training.  
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Participant responsiveness 
Participant responsiveness was measured via the nurses’ views as expressed 
during the focus interviews and in the questionnaires and via the parents’ 
self-report questionnaires. According to the former, the parents generally 
showed an interest in the oral health information that was provided and 
supported by the comprehensive child health booklet, and were enthusiastic 
about the materials. Parents were also asked to record the emergence of 
every primary tooth in the booklet; these data were then copied by the 
nurse in the computerized record of the child. In 2004, 73% of the parents 
did so, but in 2005 only 50%. So, parents recorded the emergence of the 
first teeth very well, but their interest diminished with time.  
Analysis of the questionnaire completed by the parents at age three (when 
the intervention was finished) revealed that 24% of the parents had learned 
‘rather more’ or ‘a lot’ from the project. Especially the importance of 
starting to brush with toothpaste as soon as the first tooth had emerged 
was indicated as new information. Many parents (42%) however gave a 
neutral reply, and 45 parents (8%) indicated they had not learned anything. 
Eight parents explained that they already knew all the oral health 
recommendations and already displayed the recommended behaviour in 
their daily lives. In all, 65% of the parents responded that their attitudes 
towards oral health had not changed because of the programme.  
4 Discussion  
The present study aimed to evaluate the fidelity with which a longitudinal 
intervention programme to promote oral health in preschool children had 
been implemented using a conceptual framework of implementation fidelity 
(Carroll et al., 2007). The results were mixed. On the one hand, attendance 
at the home visits was higher than at the consultations: more than 88% of 
all parents received all three home visits, compared to 57% who received at 
least 9 of 11 planned consultations. It must be noted that the attendance 
could have been higher in the contacts that were scheduled during the first 
three months, as mothers were still in maternity leave. Although overall the 
attendance level amounted to 78%, which can be considered as good, the 
lower attendance rates at the consultations might have had an impact on 
the implementation fidelity. Moreover, the nurses adhered to the planning 
Chapter 7 
130 
 
manual most of the time, as 64% of the intervention was delivered to the 
parents, 73% of the families who attended received information on all items 
and 52% received all materials that were foreseen in the manual. This is in 
line with other implementation studies, where usually levels of around 60% 
are found; expecting perfect implementation is unrealistic and only a few 
studies have attained levels higher than 80% (Durlak & DuPre, 2008). It was 
not possible to provide information on all topics to all parents, when parents 
were absent or needed to discuss other problems during the contacts. This 
problem is however inherent to the context of the well-baby clinics, which 
are attended on a voluntary basis. Within these contextual limits, the 
implementation fidelity can be considered as sufficient. 
The study also looked at several moderators of implementation fidelity. 
While the programme can be considered as complex because of the 
different intervention components, the potential impeding effect of this 
complexity on the implementation fidelity was compensated by a detailed 
intervention description, an appropriate use of facilitators and high 
participant responsiveness. Another important moderator was the quality of 
delivery, which was influenced through the training of the nurses. It was 
clear that the permanent group of nurses, who had been involved in the 
project during the entire intervention period and had followed the extensive 
training, implemented the programme more completely compared to the 
nurses who gave only a few sessions and had received no training.  
As mentioned above, the impact of the context is an important moderator. 
The fact that the oral health programme was incorporated in an existing 
preventive health context had both advantages and disadvantages for the 
implementation fidelity (Fixsen et al, 2005). On the advantage side, almost 
all children born in these regions could be reached without the need for a 
special recruitment and without setting up special visits or contact 
moments. The organization that implemented the intervention is well-
known in Flanders and easily accessed, which means that parents from all 
social backgrounds attend the free preventive health visits. Implementing an 
additional educational programme into an existing service made it possible 
to attain a high coverage of the target group. A second advantage is that it 
was possible to work with experienced nurses, who were used to working 
with parents of young children and trained to give health education. As a 
result, they only needed additional training in the specific topic of oral 
health. Third, the intervention started at birth and continued until the 
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children reached the age of 3 years. This longitudinal approach allowed a 
repetition of the topics over 14 contact moments, which has shown to be 
effective in previous research (Scottish Intercollegiate Guidelines Network 
(SIGN), 2005). Fourth, oral health promotion was included in a general 
health promotion programme, and not provided by dental health 
professionals. This holistic approach can add credibility. Finally, as baseline 
results of the Smile for Life study in 2003 indicated that 79% of the three-
year-olds in these regions had never visited the dentist, it is clear that by 
working through the channel of the well-baby clinics, children could be 
reached about oral health related topics at a very young age.  
On the disadvantage side, the main problem was the restricted time that 
was available for the nurses to spend with a family. During consultations, 
only 10 minutes could be devoted to delivering health information, including 
the extra topics on oral health, and to discuss problems in child rearing. On 
average, three minutes were spent to inform parents about oral health 
depending on the scheduled topics and on the problems parents wanted to 
discuss. As a result, families who wanted to discuss other, more urgent 
problems received less information on oral health. It is realistic to assume 
that these families may in fact have needed the oral health education most. 
Whenever possible, however, the topics that had not been discussed were 
transferred to the subsequent session. As there was more time available 
during the home visits compared to the consultations, it can be suggested 
that families with many problems would benefit from an extra home visit.  
Second, in case of time shortage in the well-baby clinics, the organization 
omitted the first or last consultations as there were no vaccinations 
scheduled at these contact moments. This was done beyond the control of 
the intervention staff and resulted in lower coverage.  
Finally, it was not possible to keep the same team of nurses for the entire 
duration of the implementation phase. When they were absent for a period 
of time, they were replaced by colleagues from other regions who had not 
received the same training on oral health. These nurses demonstrated a 
much lower quality level of programme delivery, which may have reduced 
implementation fidelity. In future interventions, a brief training or reduced 
manual could be distributed to these nurses. Of course, if the programme 
would be implemented in the whole organization, this problem would not 
occur, as all nurses would receive the extended training.  
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The “Smile for Life” intervention study also had its strengths and limitations. 
The fact that the intervention originated from the needs identified by the 
nurses working in the field was its greatest strength.  Involvement of the 
nurses in programme development, thorough training and the use of a 
comprehensive and practical manual were all part of this programme and 
have shown to be very important in enhancing implementation fidelity 
(Dane & Schneider, 1998). Furthermore, the programme was well adapted 
to the working context, which led to a realistic planning and feasible aims. 
Lastly, the intervention was developed on the basis of well-established 
theoretical models for health promotion and behaviour change, notably the 
Theory of Planned Behaviour (Ajzen, 1991).  
On the other hand, it is also important to consider the weaknesses of the 
intervention study. An important weakness was that the data for the 
process analysis were based on registrations by the nurses who were 
themselves the main “actors” in the implementation of the intervention. 
This means that recording mistakes cannot be excluded. On the other hand 
the nurses were experienced in making registrations in the digital child 
record. During the focus interviews, the nurses admitted that they 
sometimes forgot to register the delivery of information or of educational 
materials. The registration data may thus be an underestimation of the real 
implementation. It is also likely that not only the quality of the 
implementation, but also the quality of the reporting was influenced by the 
experience, motivation and educational capacities of the nurses and by the 
importance they attached to oral health. This aspect, however, is very 
difficult to control in any process analysis. Second, implementation fidelity 
was measured through self-report questionnaires completed by the health 
care workers and parents. As self-report data have limited validity and 
accuracy, the additional use of observational data would have added value 
(Breitenstein et al., 2010; Durlak & DuPre, 2008). Observations of the 
contact moments would also facilitate the evaluation of the quality of 
delivery, which was currently based on quantitative data only. Observational 
measures of the implementation fidelity would however have been too 
labor-intensive and were not financially feasible.  
Third, as the questionnaires for the parents were only available in Dutch, 
families with a different primary language – often families with an 
immigrant background - were not included in the programme. Out of all 
families that did not meet the inclusion criteria, 21% were excluded because 
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of language. Although these families were offered the same intervention 
(oral health education and materials) for ethical reasons, the way in which 
this was implemented was not recorded. In future work, outcome 
evaluations in these families could be performed using face to face 
questionnaires instead of written questionnaires. Translating the written 
questionnaires is another possibility. It is possible that specific actions 
should be developed for these groups, targeted to their needs and taking 
into account their cultural backgrounds. Certainly, an approach that is 
effective in one group may not work in another group. Tailored care may be 
essential. It would be interesting to investigate the impact of cultural factors 
on implementation (Durlak & DuPre, 2008). Finally, the identification of the 
essential components of the intervention related to successful outcome was 
not done in this study. The relationship between implementation fidelity 
and the behavioural and oral hygiene outcome as well as the evaluation of 
the behavioural change techniques will be addressed in separate reports.  
The results of this process analysis are of great value for understanding the 
limited outcomes of this study. Assessment of the implementation fidelity of 
complex interventions was also found to be essential to fully understand the 
success (or lack of success) of interventions in preventive health 
(Breitenstein et al., 2010; Campbell et al., 2000; Durlak & DuPre, 2008; 
Oakley et al, 2004). Although the implementation fidelity of this intervention 
study was generally sufficient, the study showed that it was nevertheless 
impeded by organizational constraints related to the context of the well-
baby clinics, more specifically limited time, lower attendance on 
consultations and omission of consultations. It should be further 
investigated whether these contextual factors can explain the limited effects 
of the intervention.  
The results of our study can contribute to the knowledge base on the 
conditions for successful implementation of oral health promotion 
programmes, as process evaluations of interventions addressing oral health 
are seldom reported in the literature (Breitenstein et al., 2010; Dane & 
Schneider, 1998). One reason for the lack of evidence about these issues is 
that this requires the collection of detailed information about the 
application of all programme aspects, which is difficult to achieve in the 
setting of a multi-component intervention programme (Hasson, 2010). 
Collecting implementation data should however be an essential feature of 
future programme evaluations. Using a theoretical framework proved to be 
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useful for assisting in a structured evaluation of the implementation 
process. 
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Preface 
To evaluate the impact of the intervention dose on the determinants and 
behaviours, clinical and questionnaire data gathered at children’s age three 
and five years were used as well as the registration data from the nurses 
during the intervention (N=1080), as indicated in the study design below. 
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Abstract 
 
Objective. This study is the first one to examine the impact of the 
intervention dose on the outcomes of an oral health promotion program in 
preschool children. 
Methods. Participants were 1080 children born between October 2003 and 
July 2004 in Flanders, Belgium. During the first three years of life, they 
received an oral health education program based on the Theory of Planned 
Behavior. During the entire intervention period, implementation data 
including the delivery of oral health advice and educational materials was 
registered by nurses of well-baby clinics. Data on dietary and oral hygiene 
habits, dental attendance and the related determinants were obtained 
through validated questionnaires completed by the parents when the child 
had reached the age of three and five years.  
Results. The intervention dose generally ranged between 60 and 70% of the 
total program. Linear and logistic regression analyses revealed that parents 
who received more program components had better attitudes, perceived 
behavioral control and intentions towards their children’s oral hygiene 
behaviors (p<0.05) and dental attendance (p<0.001) at age three and five 
and were more likely to brush their children’s teeth (p<0.05) and to visit the 
dentist with their preschoolers (p<0.001). The effects on dietary habits were 
negligible. Distributing educational materials had none or even unexpected 
opposite effects.  
Conclusion.  A high intervention dose of oral health education leads to 
better attitudes, intentions and oral health-related behaviors. Linking 
implementation data to program outcomes contributes to understanding 
the rationale for success or failure of preventive (oral) health interventions. 
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1 Introduction 
Dental caries is one of the most common infectious diseases in young 
children (Petersen 2003). To improve oral health and related behaviors in 
preschool children, promotion programs have been developed targeting 
parents (Davies et al., 2005; Feldens et al., 2007; Kowash et al., 2000). The 
effectiveness of these programs has been variable, and is influenced by 
several factors, such as the characteristics of the target group and 
differences in the methodological designs or underlying theories (Stevens et 
al., 2001). A well-designed intervention should be guided by concepts or 
theories explaining the underlying mechanism of operation. These theories 
generally identify the so-called ‘active ingredients’ of the intervention, i.e. 
the content, number, sequence and dose of the different constituents of the 
program (Durlak, 1998). To evaluate whether these active ingredients led to 
the desired outcomes, it is important to investigate if the program was 
implemented as planned. This requires a process analysis, providing insight 
in how, in which context and under which conditions the intervention works 
(Linnan, 2002). Key components of a process evaluation are:  (1) the reach 
(who participated?), (2) the dose (how much of the program was 
delivered?), (3) the fidelity (was it delivered as planned?), (4) the participant 
responsiveness (to which degree does it stimulate the interest of 
participants?) and (5) the quality of delivery (how well it was implemented?) 
(Carroll et al., 2007; Durlak & DuPre, 2008; Linnan, 2002).  
Few intervention studies report details of the implementation process and 
even fewer use implementation data to evaluate the impact of the active 
ingredients on the primary study outcomes (Saunders et al. 2006). However, 
higher levels (or better quality) of implementation are clearly associated 
with more positive outcomes (Wilson et al., 2010). In fact, double or triple 
effect sizes have been observed in programs where the active ingredients 
were implemented with high fidelity, compared to programs with poor 
implementation fidelity (Durlak & DuPre, 2008).  
In the light of these findings, there is an expanding literature on 
implementation processes, including studies of mentoring, after-school 
programs, drug prevention, and mental and physical health promotion and 
prevention programs of various types offered in schools, health clinics and 
community settings (Durlak & DuPre, 2008). However, to our knowledge, no 
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studies have thus far investigated the impact of implementation quality on 
the outcomes of a preventive oral health intervention. The objective of this 
study was to investigate the impact of factors characterizing the 
implementation quality on oral health and related behaviors in a controlled 
intervention that aimed to improve oral health in young children.  
2 Methods 
The ‘Smile for Life’ intervention study 
The ‘Smile for Life’ intervention was an oral health promotion program 
implemented in well-baby clinics in Flanders. All children born between 
October 2003 and July 2004 in four geographical regions were invited to 
participate in this study. Two regions – involving 1284 newborns - served as 
the intervention setting, and two others – involving 1171 newborns - as 
control regions. Criteria for the selection of the control regions were: (1) 
comparable socio-economic characteristics, (2) a comparable attendance 
rate at the well-baby clinics and (3) at least 100 km away from the 
intervention regions to minimize any potential interventional 
contamination. 
Parents were informed about the project shortly after their child’s birth by a 
nurse of the well-baby clinic and parental informed consent was obtained. 
As the preventive health services are free of charge and the coverage of the 
target group is high (up to 97% receives at least one home visit within three 
months after birth), parents from all social backgrounds were reached. 
Reasons for exclusion have been described in earlier reports (Leroy et al., 
2011; Van den Branden et al., 2012). In total, 1080 (84%) and 1057 (90%) 
children were included in the study in the intervention and control group 
respectively and followed until the age of five. The ‘Smile for Life’ study 
protocol received ethical approval from the Medical Ethics Committee at the 
KU Leuven, Belgium. 
 
Theoretical background 
The intervention program was based on the concepts of behavioral change 
described in the Theory of Planned Behavior (TPB; Ajzen, 1991). According 
to this theory, behavior is a function of intentions and of the perceived 
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ability to perform the behavior (perceived behavioural control (PBC)). 
Intentions, which are considered the immediate antecedents of behavior, 
are in turn determined by attitudes, subjective norms, and again PBC (Figure 
1, p.8). The determinants identified in this model served as a basis to set 
objectives, define the active ingredients of the intervention in clear 
operational terms and select methods for the development of the program. 
The latter explicitly aimed at eliciting a change of attitudes towards oral 
health in the parents, leading to an increased intention towards behavior 
conducive to oral health.  
 
Active ingredients 
A specific intervention program was developed and added to the standard 
program of preventive health care at the well-baby clinics. This standard 
program consisted of three home visits by a nurse, and 11 consultations by a 
physician and nurse between the child’s birth and age three. It included 
regular assessments of health, growth and development of the child and 
health education offered to the parents. Oral health-related education in 
the standard program was limited to information about oral hygiene at six 
months and dental attendance at 24 months. The control group received 
this standard program.  
For the intervention group, behavioral change techniques were used which 
included individual health education and inducing environmental changes 
through the distribution of materials that facilitated the desired behavior. 
These techniques have been judged to be effective in changing the behavior 
(Michie et al., 2008). 
First, oral health-related education was provided through nurses on 14 
topics including dietary habits (i.e. water consumption and nutrition advice), 
oral hygiene habits (tooth brushing and receiving help with brushing) and 
visiting the dentist. This oral health information was addressed at least once 
during the 14 scheduled contact moments (i.e. home visits and 
consultations), representing a total of 55 information ‘items’. The average 
number of items scheduled at a certain contact was four. Providing oral 
health education aimed at increasing the knowledge and attitudes of the 
parents towards dietary habits, oral hygiene habits and dental attendance of 
their child.  
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Secondly, to increase knowledge, attitudes and intentions, the parents also 
received a comprehensive child health booklet including information 
regarding the oral health related topics that had been discussed during the 
preventive health contacts, and in which the timing of tooth emergence of 
their child could be registered.  
Thirdly, around the age of six to seven months, which is the mean age of 
emergence of the first primary tooth, the children received a toothbrush, a 
sample of toothpaste and a cup, with the aim of increasing the parents’ PBC 
to start brushing immediately after the emergence of the first primary 
tooth. In addition, at the child’s first birthday they received a placemat with 
images related to healthy dietary and tooth brushing habits and 
accompanying suggestions. The placemat was intended to increase the 
parents’ awareness of oral health and to represent a conditioned stimulus 
evoking healthy oral behavior. As such, it was expected to have an impact 
on attitudes, PBC and intentions towards dietary and oral hygiene habits. To 
underline the necessity of regular replacement of a toothbrush, a new 
toothbrush and a sample of toothpaste were offered at the child’s second 
birthday, which was intended to have an impact on the PBC of the parents 
towards oral hygiene. 
 
Measurements 
During the entire period of the intervention, the nurses registered the 
delivery of advice and/or materials during each of the contacts in a 
computerized child record. For every participating child, the number of 
information items and materials received by the parents was calculated. 
This allowed to examine several aspects related to the implementation 
based on the conceptual framework of implementation fidelity proposed by 
Carroll et al. (2007), such as the reach, dose delivered, participant 
responsiveness and quality of delivery (Van den Branden et al. 2013a). 
Reported oral health-related behaviors and their psychological determinants 
were assessed by means of pretested and validated questionnaires (Van den 
Branden et al., 2013b) shortly after birth (2003-2004) and when the children 
were three (in 2007, shortly after the intervention) and five years old (in 
2009, two years after the intervention). The questionnaire measured the 
determinants of three oral health-related behaviors in preschool children 
based on the TPB, resulting in five scales: dietary habits (attitude, norms of 
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partner, norms of others, PBC, intention), oral hygiene habits (attitude, 
norms of family and friends, norms of partner and experts, PBC, intention) 
and dental attendance (beliefs about immediate outcomes, beliefs about 
long-term outcomes, subjective norms, PBC, intention). The behavioral data 
were dichotomized referring to the proportion of children (a) consuming a 
sugared snack or drink in-between meals at least once per day versus less; 
(b) parents helping with tooth brushing at least once a day versus less; (c) 
tooth brushing at least once a day versus less and (d) having visited the 
dentist a year ago or less versus more than a year ago or never.  
 
Data analyses 
SPSS Statistics version 17 was used for data exploration and statistical 
analyses. For this study, only data from the intervention group were used 
(N=1080). Multiple linear and logistic regression analyses were performed to 
evaluate the effect of intervention dose (the number of topics and materials 
received) on the program outcomes (oral health-related behavior and TPB-
determinants).  
Logistic regression analyses were performed on the behavioral data, 
whereas linear regression was applied for the analyses of the determinants 
data. Whether or not a material was received was inserted as a categorical 
predictor, whereas the number of items received was inserted as a 
continuous predictor. As the health booklet was distributed to all parents, 
this item was omitted from the analyses. 
3 Results 
Registration data on the receipt of the educational topics and materials 
were available for respectively 1066 (99%) and 957 (89%) children. Data on 
the determinants and behaviors were missing for 317 children (29%) at age 
three and for 173 children (16%) at age five. Lack of identification of the 
child’s kindergarten was the main reason for the missing data as 18% of the 
original intervention group could not be retrieved at age three, and 9% at 
age five.  
The proportion of children who received a specific information item was 
generally high (Table 8.1). For advice related to dietary habits (nutrition and 
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water consumption) as well as for oral hygiene, the proportion of children 
who received a specific item ranged between 47.3% and 80.4%. In contrast, 
only 49.5% of the children received the topic ‘visiting the dentist’ at the age 
of two, and in only 18.3% of the children the item was repeated six months 
later.  
With regard to the intervention dose, parents received on average 5 times 
information on water consumption, which equals 71.4% of the 7 planned 
iterations. Similar doses were observed for nutrition (67.0%) and oral 
hygiene advice (65.0%). For the items related to dental attendance, a much 
lower mean intervention dose was observed (35.0%). Between 64.3 to 100% 
of the participants received the educational materials (Table 8.1). 
Linear regression analyses on the determinants related to dietary habits at 
three years indicated no significant effects of the number of items and 
materials received on attitude, PBC or intention scores towards avoiding 
sugared snacks and drinks between meals (Table 8.2). At five years, having 
received a higher dose of nutrition advice resulted in a significantly better 
intention to avoid sugared snacks and drinks. The opposite effect was 
observed for education about water and drinks consumption, where parents 
who had received more information, had a lower intention to avoid sugared 
snacks and drinks. The higher the number of educational items parents 
received on oral hygiene in their child, the better their attitudes at age three 
years and intentions at both ages towards brushing their children’s teeth 
daily. Having received the placemat and tooth brushing materials had no 
impact on the determinants, except for intentions at age five, where a 
negative association was found for children who had received the placemat. 
For dental attendance, the number of items received was related to the 
attitudes (beliefs about immediate outcomes) and PBC towards visiting the 
dentist at both ages. For beliefs about long-term outcomes, the number of 
items received had only an impact at age five years (Table 8.2). 
Logistic regression analyses on the oral health-related behaviors indicated 
no effects of the number of items related to water consumption or of the 
receipt of the placemat on the daily consumption of in-between drinks 
(Table 8.3). Similarly, receiving nutrition advice and the placemat was not 
significantly related to the daily consumption of sugared snacks between 
meals. On the other hand, the more items related to oral hygiene habits 
parents received, the higher the chance that the children’s teeth would be 
brushed at least once daily at both ages and that they would be assisted 
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with brushing at age three. However, parents who had received a 
toothbrush and cup when the child was six months old, were less likely to 
brush their children’s teeth at age five. Finally, for dental attendance, there 
was a significant effect of the number of items received: those parents who 
had received more topics, had a higher chance of having visited the dentist 
with their child both at ages three and five.  
4 Discussion  
The present study reveals that implementing the active ingredients of an 
intervention program with a high intervention dose generally leads to better 
outcomes. As overall between 60 and 70% of the parents received the 
information and materials, the implementation fidelity for this intervention 
can be considered moderate to good (Durlak & Dupre, 2008). Participants 
who received more program components, especially educational topics, 
reported better attitudes, PBC and intentions towards oral hygiene 
behaviors and dental attendance and were more likely to help their children 
with tooth brushing and to visit the dentist with their preschoolers, 
compared to parents who received less program components.  
On the other hand, there were no effects of the number of program 
components on dietary habits and their determinants. The amount of 
information parents received about their child’s nutrition and drink 
consumption had no impact on their beliefs and behaviors about these 
topics. This corroborates the low dose-response relationships observed for 
lifestyle behaviors related to hypercholesterolemia, smoking and physical 
activity previously (Broekhuizen et al., 2012). Moreover, there were no 
meaningful effects of the materials distributed for any of the three 
behaviors. Distributing tooth brushing materials or a placemat eliciting 
healthy oral behavior, was not associated with better behaviors after the 
intervention. On the contrary, the distribution of the placemat and 
toothbrush was associated with worse tooth brushing practices and lower 
intentions towards it, which was not expected. It is plausible that the time 
gap between the distribution of the educational materials (0-2years) and the 
measurement of the behavioral outcomes (3-5years) was too big to observe 
a positive effect. In addition, as the proportion of explained variance is very 
low, it could be that other factors were involved and explain the negative 
relationship.  
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The importance of implementing a program with a high intervention dose 
was demonstrated earlier in a school-based intervention to promote 
physical activity (Saunders et al., 2006). To understand the rationale for 
success or failure of preventive health interventions, implementation data 
and their linkage to the main program outcomes are of great value 
(Breitenstein et al., 2010; Hasson, 2010). A process evaluation, including 
these implementation data, can help to clarify the relationship between the 
theoretical constructs, the level of exposure to the intervention and the 
program outcomes (Saunders et al., 2006). However, this kind of evaluation 
requires the collection of detailed information about the application of all 
program aspects, which is often difficult to achieve in the setting of a 
multicomponent intervention program (Hasson, 2010). The fact that 
information was collected about the different aspects of implementation 
during the intervention can therefore be considered as an important 
strength of this study.  
Another strength is the fact that the intervention was based on a well-
established theoretical model, notably the Theory of Planned Behavior 
(Ajzen, 1991). This facilitates the interpretation of the outcomes based on 
the underlying behavioral change techniques and helps to improve the 
program and to adapt it to other contexts (Cane et al., 2012).  
Thirdly, as this program was added to the existing program in the well-baby 
clinics, there was no problem of self-selection or signing in to participate, 
which lead to a high coverage of the target group. However, as not all 
parents attended the well-baby clinics to the same extent, it can be argued 
that parents who attended most regularly, and who therefore received a 
higher intervention dose, were the most conscientious parents, who also 
attach more value on a healthy lifestyle. This is contradicted however by the 
analyses of the effects of participation rate of parents in the control group 
on behavioral outcomes showing no effects of attendance on reported 
dietary or oral hygiene habits towards their children (results not shown). On 
the other hand, parents in the control group who attended the well-baby 
clinic more frequently were more likely to have visited the dentist less than 
six months ago with their three-year-old child. The latter may point to a 
higher use of health care services, rather than an effect of intervention 
dose.  
Despite its many strengths, the study also has a number of limitations. First, 
the proportion of explained variance of the behaviors measured in this study 
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is generally low. Environmental determinants or other cognitive factors 
could account for another portion of the variance in these behaviors. 
Second, based on this study it is not possible to identify for whom the 
intervention worked best. Associations of process indicators with 
demographic, psychosocial or behavioral correlates should be addressed in 
future research. Third, it must be mentioned that only 82% of children could 
be retrieved for measurement at age 3, leading to a substantial amount of 
missing data. In our opinion however, the effect of non-responders on the 
outcomes remains small, as most of the data was missing due to a lack of 
identification of the kindergarten the children went to, which can be 
considered as missing at random. Of all children retrieved, 86% completed 
the questionnaire at age 3, which can be considered a high response rate. At 
age 5, this number even amounts 92%. Fourth, the data on intervention 
dose were based on registrations by the nurses who were themselves the 
main “actors” for the implementation of the intervention. This means that 
recording mistakes cannot be excluded, despite the fact that the nurses 
were experienced in registering in the digital child record. Moreover, as the 
data on the parental determinants and behaviors were measured through 
self-report questionnaires, a response bias towards socially acceptable 
answers may have occurred. Finally, sometimes the children visited the well-
baby clinics with a grand-parent instead of a parent, which might have 
reduced the transmission of oral health information to the parents.  
In general, there were only limited effects of the Smile for Life intervention 
program when children in the intervention group are compared to the 
control group (results not shown, submitted manuscript). The present study 
can provide insight in why the intervention was not successful, by linking the 
implementation factors to the program outcomes. Although the majority of 
participants received all (or almost all) planned constituents of the 
intervention, a lack of time to deal with the oral health topics was 
considered the biggest threat to implementation fidelity (Van den Branden 
et al., 2013a). Therefore, it cannot be excluded that the level of 
implementation, while relatively high, was not sufficient to achieve 
measurable effectiveness. In addition, the active ingredients that were 
meant to elicit behavior change were only partially effective: whereas the 
educational component of the intervention seemed successful in improving 
attitudes, intentions and behavior, no effects could be observed of any of 
the materials distributed.  
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It is possible that applying other techniques such as skills training or 
motivational interviewing could increase the effectiveness of the 
intervention (Michie et al., 2008). Besides, it has been argued that the TPB 
fails to account for the roles of impulsivity, habit, self-control, associative 
learning and emotional processing in predicting behavior change, which 
reduces its predictive validity (Michie et al., 2011). Future research can 
indicate whether an extended version of the TPB, which includes the 
aforementioned additional determinants can serve as a better basis to 
develop oral health interventions.  
In conclusion, as one of the few studies measuring the components of 
implementation fidelity of a health promotion program and the first to 
examine the impact of the active program ingredients on the outcomes of 
an oral health promotion program, this study adds to the knowledge in the 
field of health promotion. Overall, implementing an oral health promotion 
program with a high intervention dose leads to better attitudes, intentions 
and oral health-related behaviors. Investigating the relationship between 
implementation quality and program outcomes provides insight in the 
rationale for success or failure of preventive oral health interventions. It 
should therefore be more systematically included in all future intervention 
programs. 
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Preface 
The aim for this study was to describe the effectiveness of the ‘Smile for 
Life’ intervention in improving oral health and oral health-related 
behaviours in comparison with the baseline measurements, and to 
demonstrate the importance of careful interpretation of the results. For the 
outcome evaluation, the results in the intervention (N=1080) and control 
group (N=1057) were compared with the baseline results of the three- 
(N=1291) and five-year-old children (N=1325) gathered in 2003 in the 
respective regions, using zero-inflated Poisson Regression and bivariate 
testing. This study is based on the data of all groups, as shown in the design 
below. 
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Abstract 
 
Objective. This study evaluates the effectiveness of a multi-component oral 
health intervention in preschool children in a non-randomized intervention 
study with a complementary baseline control.  
Methods. Participants in the main study were 2137 children born between 
October 2003 and July 2004 in Flanders, Belgium. In the intervention group 
(50.5% of participants), an oral health education programme was added to a 
standard preventive care programme during the first three years of life. Oral 
health examinations were performed by trained dentists when the children 
were three (2007) and five years old (2009). Data on dietary habits, oral 
hygiene habits and dental attendance were obtained through structured 
questionnaires. Regression analyses were applied to compare the results of 
the intervention and control group with baseline measurements obtained 
before the intervention (2003) in other cohorts of three- (N=1291) and five-
year-olds (N=1325) living in the same regions. 
Results. The prevalence of caries experience was generally lower in the 
main study compared to the baseline cohorts, with little differences 
between the intervention and control group. Oral health-related behaviours 
were better in the control group, at baseline and in the main study. 
Compared to baseline, limited differences between the intervention and 
control group were observed in dental attendance, and helping with tooth 
brushing (p<0.05). 
Conclusion. The study illustrates that a multi-component, theory-based 
intervention at community level had only a limited and temporary effect on 
oral health-related behaviours in the community under study. Further 
research is needed to determine how oral health in young children can be 
improved in the long term. 
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1 Introduction 
Although largely preventable, dental caries remains one of the most 
common infectious diseases in childhood. According to the WHO, 60 to 90% 
of school age children is affected by caries (Petersen, 2003). In Flanders 
(Northern part of Belgium) visible caries experience was detected in almost 
one out of three five-year-olds (Declerck et al., 2008). Oral health in 
preschool children is to a large extent determined by behavioural factors, in 
particular inadequate oral hygiene habits, frequent consumption of sugared 
snacks and drinks and lack of preventive visits to the dentist (Declerck et al., 
2008; Harris et al., 2004). These habits are established early in life (Johnsen, 
1995), and their development is affected by parental behaviours, mostly of 
the mother (Mohebbi et al., 2008). In addition, dental caries is more 
prevalent among children who are raised in deprived communities or whose 
parents have a lower educational level or immigrant background 
(Christensen et al., 2010; Skeie et al., 2006).  
Several interventions have been developed to reduce dental decay by 
improving oral health-related behaviours through educational programmes 
targeted towards parents (Davies et al., 2005; Feldens et al., 2007; Kowash 
et al., 2000). To enhance their effectiveness, such interventions should 
preferably be based on theoretical models of preventive behaviour change 
and reach all subgroups in the population, including the less advantaged. An 
example of such an intervention is the multi-component community-based 
oral health promotion intervention programme ‘Smile for Life’, that was 
developed in Flanders. This programme, which targeted preschool children 
and their parents, aimed to improve oral health and oral health-related 
behaviours in this age group based on the ‘Theory of Planned Behaviour’ 
(TPB; Ajzen, 1991). It was embedded in the framework of the ‘well-baby 
clinics’, a structured programme offering preventive health care and 
educational guidance by trained professionals free of charge to children 
from birth until the age of three and to their parents. The aim of the present 
study was to evaluate the effectiveness of this intervention.  
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2 Methods 
Participants 
All children born between October 2003 and July 2004 in four geographically 
circumscribed regions in Flanders were invited to participate in this study. 
Two regions, involving 1284 newborns, served as the intervention setting, 
and the other two, involving 1171 newborns, as a control group. Criteria for 
the selection of the control regions were: (1) similar socio-economic 
characteristics and attendance rate at the well-baby clinics compared to the 
intervention region, and (2) a sufficiently large distance away from the 
intervention regions (at least 100 km) to minimize potential interventional 
“contamination” of the control regions. 
Parents were informed about the project shortly after their child’s birth by a 
nurse of the well-baby clinic and parental informed consent was obtained. 
As the preventive health services are free of charge and the coverage of the 
target group is high (up to 97% receives at least one home visit), parents 
from all social backgrounds were reached. Children were excluded if parents 
had insufficient language skills to complete a Dutch questionnaire, in case of 
serious illness that could have an impact on the child’s oral health, in case of 
premature birth (<37wk), if parents did not attend the well-baby care, or if 
they moved out of the region shortly after birth. In case of twins, only the 
child whose name was alphabetically ranked first was included in the study. 
In total, 1080 (84.1%) and 1057 (90.3%) children in the intervention and 
control groups were included in the study and followed until the age of five. 
They are further referred to as ‘main study groups’ (Figure 2, p.12).  
Before the intervention started (October 2003), complementary baseline 
data were collected in a randomly selected sample of three- (N=670) and 
five-year-olds (N=634) living in the intervention regions and a sample of 
three- (N=621) and five-year-olds (N=691) living in the control regions, all 
referred to as ‘baseline cohorts’ hereafter (Figure 2, p.12). A detailed 
description of the baseline data was published elsewhere (Declerck et al, 
2008).  
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Intervention programme 
A specific intervention programme to promote oral health was developed 
and added to the standard programme of preventive health care at the well-
baby clinics. The standard programme consisted of three home visits by a 
nurse and 11 consultations by a physician and nurse between the child’s 
birth and age three. It included regular assessments of the health, growth 
and development of the child and health education for the parents. Oral 
health-related education in the standard programme is limited to 
information about oral hygiene and dental attendance at months 6 and 24. 
The control group received this standard programme. For parents in the 
intervention group, additional oral health education was provided through a 
specifically trained nurse on 14 topics, including breast feeding, pacifier use, 
parental oral hygiene, water consumption, brushing behaviour, etc. As 
previous studies indicated that oral health education alone was only 
effective in increasing knowledge (Strippel, 2010; Vachirarojpisan et al., 
2005), the parents also received supplementary educational materials (child 
health booklet, toothbrush, a fluoride-containing toothpaste sample, cup 
and placemat). Furthermore, all health care professionals practicing in the 
intervention region were informed about the project and posters were 
provided to inform their patients. The ‘Smile for Life’ study protocol 
received ethical approval from the Medical Ethics Committee at the KU 
Leuven, Belgium.  
 
Measurements 
Reported oral health-related behaviours and psychological determinants 
were assessed with pretested and validated questionnaires based on the 
TPB (Van den Branden et al., 2013b) shortly after birth (2003-2004) and 
when the child had reached the age of three (2007) and five (2009). The 
questionnaires measured reported dietary habits (frequency of 
consumption of sugared in-between snacks and drinks by the child), oral 
hygiene habits (frequency of brushing of the child and helping with 
brushing) and dental attendance (timing of last dental visit). Oral health 
examinations were performed by trained dentist-examiners in the 
kindergartens at age three and five, to investigate the presence of dental 
plaque and clinical signs of visible caries experience. A record was made of 
untreated and treated (filled) teeth as well as teeth that were removed due 
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to caries experience and summarized using the dmft index. A detailed 
description of the procedures is provided elsewhere (Leroy et al., 2011). For 
the data collection in the baseline cohorts in 2003, the same questionnaire 
and clinical examination protocol were used. An overview of the study 
design is presented in Figure 2 (p.12). 
 
Data analyses 
As the majority of children was caries-free, a zero-inflated Poisson model 
was applied on the clinical data of the three- and five-year-olds (Lambert, 
1992). Differences in predicted counts of decayed teeth and odds ratios for 
the excess amount of zeros (caries-free children) between intervention and 
control region were calculated for the baseline as well as main study with 
accompanying confidence intervals and p-values. In addition, the changes 
between the baseline and main study were analyzed and the interaction 
between groups and regions was tested. The analyses were performed both 
on the tooth- (dmft) and surface-level (dmfs) data. All analyses were 
adjusted for age and educational level of the mother.  
For the oral health-related behaviours the data were dichotomised; the 
recoded variables were the proportion of children (a) consuming a sugared 
snack or drink in-between meals at least once a day versus less; (b) parents 
helping with tooth brushing at least once a day versus less; (c) tooth 
brushing at least once a day versus less and (d) having visited the dentist a 
year ago or less versus more than a year ago or never. Logistic regression 
analysis was performed to test the effect of the group (intervention vs. 
control) and study (baseline vs. main) and the interaction between both 
factors. The risk differences are presented after correction for age of the 
child and the educational level of the mother at children’s age three (2007, 
i.e. shortly after the intervention, further called short-term outcome) and 
five (2009, i.e. two years post-intervention, further called long-term 
outcome). The statistical analyses were performed with SAS version 9.2. 
3 Results 
Demographic characteristics and response rates of the main study groups 
and baseline cohorts are presented in Table 9.1. More than half of the 
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mothers was highly educated (i.e. at least a bachelor degree), and the mean 
age of giving birth was around 29 years. In most cases the questionnaires 
were completed by the mothers (88% in the baseline groups, 93% in the 
study groups). The response rates in the baseline cohorts were high for both 
the completion of the questionnaire and the dental examination. For the 
study groups, a high response rate was observed for the first questionnaire, 
but lower rates were seen at follow-up. Lack of identification of the child’s 
kindergarten was the main reason for the missing data: 18% of the original 
intervention group and 30% of the control group could not be retrieved at 
age three, and 9 and 25% respectively at age five.  
Since similar results were obtained for dmft and dmfs, only the dmfs scores 
are shown, as they give a better insight in the severity of the disease. In the 
main study (2007), there were no differences between the intervention and 
control group in the proportion of three-year-olds without caries experience 
at the d3-level. A increase in the proportion of caries-free children was 
observed between the baseline (2003) and main study (2007) but a different 
pattern was seen in the intervention and control regions respectively. 
Compared to the baseline cohort, children in the main study living in the 
control region had a significantly higher chance to be caries-free (zero 
result), whereas children in the intervention region had significantly less 
decayed tooth surfaces. For caries experience at the d1-level, the proportion 
of caries-free children was higher in the intervention group than in the 
control group (Table 9.2), a difference that was observed both in the main 
(2007) and baseline (2003) study. Children who received the intervention 
(2007) had less decayed tooth surfaces compared to the baseline cohort 
(2003), a finding that was not observed in the control regions (Table 9.2).  
At age five (2009), there were no differences in the odds of children being 
caries-free (zero-result) at the d3– and d1-level in the main study groups, 
whereas at baseline children in the intervention region had a significantly 
higher chance of being caries-free. There has been a significant decrease in 
the number of children with caries experience between both birth cohorts 
at age 5 (in 2003 and 2009 respectively) in the control region only. 
Significant interactions were observed at the d3–and d1-level. However, 
when looking at the number of tooth surfaces affected, significant 
differences between intervention and control region were observed both at 
the d3– and d1-level. At baseline, children in the intervention region had a 
significantly lower number of affected surfaces (difference = 0.89 and 0.83), 
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whereas in the main study the opposite was observed (difference = 1.46 and 
2.00). At the d1-level, a decrease in the number of affected surfaces was 
observed between 2003 and 2009 in the control region only (Table 9.2).  
Large differences between the intervention and control region were 
observed for the reported oral health-related behaviours of the children in 
the baseline cohort (2003) as well as in the main study groups (2007-2009). 
Significantly more children in the control region had visited the dentist less 
than a year ago, brushed their teeth at least once a day and received help 
from a parent with tooth brushing. When compared to the baseline cohort, 
in the main study a significant higher rate of reported dental attendance 
was only present in the intervention region. A significant interaction was 
observed between the regions (intervention vs control) and study (baseline 
vs main) at age three only. For tooth brushing frequency and help with 
brushing, in both regions significantly higher rates were reported in 2007 
and 2009 compared to 2003, but although the differences in proportions 
were bigger in the intervention region, the interaction effects were not 
significant, except for help with brushing at age five (Table 9.3).  
For dietary habits, the number of children consuming sugared drinks less 
than daily was higher in the intervention region compared to the control 
region, for both the main study and baseline cohort at ages three and five 
years. This number also increased between 2003 and 2007-2009 in both 
regions (Table 9.3). There were no significant differences in the reported 
consumption of in-between snacks between the intervention and control 
group at both ages. At age three, significantly higher rates were reported in 
2007 compared to 2003 both in the intervention and control region (Table 
9.3). 
4 Discussion  
This study illustrates the complexity in evaluating longitudinal intervention 
programmes. When only comparing the intervention and control group, no 
effects of the intervention were observed, as the control group generally 
performed better. However, when comparing the data with a historical 
cohort, some small effects of the intervention programme could be 
observed in the short term. Thus, the intervention seems to have had 
limited success in reducing the number of caries-affected tooth surfaces at 
Effect evaluation 
171 
 
the d1-level and improving oral health-related behaviours such as visiting the 
dentist, brushing teeth, helping with tooth brushing and consuming less in-
between snacks, which is in line with other studies (Plutzer & Spencer, 
2008). However, on the long term, there was no effect on caries experience 
and only a limited impact on dental attendance and parental help with 
brushing. These results are in line with other reports indicating no or limited 
effects of oral health education on caries prevalence, as well as the fact that 
the positive effects of the intervention diminishes as soon as the contact 
with preventive health services decreases (Neumann et al., 2011; 
Vichayanrat et al., 2012).  
What are possible explanations for these limited effects? Firstly, during the 
time span of the intervention (2003-2007), oral health and related 
behaviours have generally improved in Flanders in the entire population, 
probably due to increased attention for oral health by health care workers, 
schools, child-rearing brochures and in the media or through increased 
advertising by the oral hygiene manufacturing industry.. This makes it more 
difficult to observe an additional intervention effect. An overall 
improvement of attitudes, perceived control and intentions predicting the 
oral health-related behaviours was indeed observed among our participants 
(Van den Branden et al., 2012). Furthermore, it is also possible that 
participating in a study as a control group in itself had an impact on the oral 
health habits. This ‘Hawthorne effect’ makes it more difficult to detect any 
differences between the intervention and control group (Whittle et al., 
2008). 
Secondly, it is conceivable that the intervention was not fully implemented 
as planned or that the preventive health visits did not fully reach the 
participants. An evaluation of the programme’s implementation fidelity 
revealed that the programme was largely carried out as planned (Van den 
Branden et al., 2013a). However, an evaluation of the degree to which the 
participants were reached within the health visits indicated that although 
the majority of participants received the planned intervention components, 
attention for child-rearing or health problems during the consultations often 
resulted in a lack of time being dedicated to the oral health topics. It is 
realistic to assume that the families with many problems may have been the 
ones who needed the oral health education the most. 
Thirdly, it may be that the programme was only effective amongst those 
who are less literate in terms of oral health, i.e. the socially and 
Chapter 9 
172 
 
educationally disadvantaged. Studies of the impact of social inequalities on 
oral health, including previous publications by this research group, revealed 
a higher prevalence of caries experience, worse oral health-related 
behaviours and worse behavioural determinant scores among parents with 
lower levels of education (Van den Branden et al., 2012; Van den Branden et 
al., 2013c; Skeie et al., 2010). Further research should clarify if differential 
effects of the intervention were present in subgroups of higher versus 
lower-educated parents.  
Finally, it is possible that other methods are more suitable to improve oral 
health and related behaviours in the community. Community-based 
interventions based on individual behaviour change methods often show 
limited results, because the community or system change is not part of it. 
Although the intervention was organised at several levels following an 
ecological approach, little theory was put forward on how these levels 
impact the unfolding of the intervention or how they affect intervention 
outcomes. Recent research suggests that the theory driving the intervention 
should be about the dynamics of the context or system, not the psyche or 
attributes of the individuals within it (Hawe et al., 2009). It would be 
interesting to investigate whether different approaches can be used in 
combination for the development and implementation of health 
interventions. 
It can be considered a limitation that the study was not randomised. 
Although the socio-demographic characteristics of the regions were 
comparable, differences in oral health and reported behaviours were 
present from the onset of the study, obscuring interpretations. Because of 
the methodological difficulties, a randomised controlled trial is however 
often not feasible or impractical in the context of health promotion 
interventions in complex settings, such as communities (Rychetnik et al., 
2002). Secondly, as the behavioural data was collected with self-report 
questionnaires, a response bias towards socially acceptable answers may 
have occurred. The additional use of observational data would have added 
value, but was too labour-intensive and financially not feasible. 
In conclusion, although overall oral health has improved in the Flemish 
population in the last decade, there remains a need for targeted oral health 
interventions. Our results indicate that a specific, multi-component, theory-
based intervention at community level only had limited effect, and that this 
effect lasted only as long as the parents remained in contact with the 
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preventive health services. More research is needed on the effectiveness of 
oral health promotion programmes in young children, containing process 
analyses to identify the effective components of a programme. In order to 
successfully replicate studies, a theoretical basis, adequate study design and 
appropriate methods for evaluation are essential. Longitudinal approaches 
are needed to investigate how oral health in young children can be 
improved on the long term. By providing publications based on the 
evaluation of both successful and unsuccessful studies, new insights can be 
gained and lessons can be learned for future research. 
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Although largely preventable, dental caries remains one of the most 
common infectious diseases in childhood. According to the World Health 
Organisation, 60 to 90% of school age children is affected by dental decay 
(Petersen, 2003). In Flanders, visible caries experience was detected in 
almost one out of three five-year olds (Declerck et al., 2008). Oral pathology 
is associated with many physical and psychological problems, affecting the 
quality of life of the child and his or her family (Locker, 2004; Plutzer & 
Spencer, 2008). Although the prevalence of dental caries has declined 
markedly in western countries during the last decades (Marthaler, 2004; 
Petersen, 2003), a polarisation is shown, with a small percentage of children 
having severe levels of disease (Scottish Intercollegiate Guidelines Network 
(SIGN), 2005). Children of low socio-economic status and immigrants from 
outside Western Europe generally have higher disease levels (Marthaler, 
2004; Petersen, 2003).  
Oral health is to a great extent determined by behavioural factors. In 
children under seven years of age potential risk factors for dental caries 
include inadequate oral hygiene habits, unfavourable microbial colonisation 
of the oral cavity, unfavourable dietary habits (among which: factors related 
to breast and bottle feeding, frequent consumption of sugar-containing 
snacks and drinks,…), suboptimal fluoride exposure, negative environmental 
factors (e.g. parental smoking) and lack of preventive visits to the dentist 
(Harris et al., 2004; Karjalainen et al., 2001). 
Several interventions have been developed aimed at reducing dental decay 
or at improving oral health-related behaviours by educational programmes 
for parents (Davies et al., 2005; Feldens et al., 2007; Kowash et al., 2000; 
Mohebbi et al., 2009; Plutzer & Spencer, 2008), including the Smile for Life 
intervention. Research evidence has indicated the effectiveness of 
multisession programmes, combining health education with other 
behavioural change techniques, such as skills training, tailoring the 
information to the individual parent, home-based delivery of advice, starting 
interventions during pregnancy and making use of theoretical frameworks 
(Kay & Locker, 1998; Satur et al., 2010; Scottisch Intercollegiate Guidelines 
Network (SIGN), 2003). However, it was also indicated that the effectiveness 
of oral health promotion programmes has been variable and several factors, 
such as the characteristics of the target group and differences in the 
selected methodological design or underlying theory, can strongly influence 
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outcomes. It is therefore not clear what works (and why) and what does not 
work (and why not).  
The ‘Smile for Life’ programme was developed based on the available 
evidence and consisted of a multi-component intervention that was built on 
a theoretical framework, i.e. the Theory of Planned Behaviour (TPB; Ajzen, 
1991). Despite these efforts, only limited effects of the programme could be 
observed at the level of oral health and reported behaviour.  
This PhD project aimed to explore in detail the data of this longitudinal 
intervention study and to collect additional information in order to find 
explanations for the unexpected findings. Large intervention programmes, 
such as the ‘Smile for Life’ intervention, are not often evaluated in depth, 
mainly because it requires the collection of detailed information about the 
application of all programme aspects, which is difficult to achieve. As a 
result, this research adds new and original knowledge to this field and 
serves as a basis for developing more targeted and effective preventive 
interventions related to other health-related topics.  
In this final chapter, the main results of the dissertation will be presented 
according to the three main research questions formulated in chapter 2. 
Next, methodological considerations, implications for practice and 
recommendations for further research will be discussed. 
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1 Overview of the main findings 
1.1 Was the programme design insufficient?  
The ‘Smile for Life’ intervention was based on one of the most prominent 
explanatory models regarding preventive health behaviour, the Theory of 
Planned Behaviour (TPB; Ajzen, 1991). To investigate the applicability of the 
TPB in predicting oral health-related behaviour in parents of young children, 
a questionnaire was developed and validated. Exploratory factor analyses 
revealed four component structures for each of the three behaviours 
reflecting the TPB-dimensions, accounting for 44% to 55% of the variance, 
that were confirmed in the cross-validation. Internal consistency 
(Chronbach’s alpha) of the scales ranged from 0.52 to 0.80. The contribution 
of the determinants (attitude, norms and perceived behavioural control) 
towards intention and of intention and perceived behavioural control 
towards the consumption of sugar-containing snacks and drinks, brushing 
frequency and dental attendance was significant, which is in line with the 
international literature. The combined determinants explained 24% to 38% 
of the variance in intentions of parents and 22 to 59% in intentions of health 
care workers. The proportion of explained variance for the behaviours 
ranged from 5 to 54%, whereby lower predictive values were seen for 
dietary habits and higher for oral hygiene habits. It is possible that other 
behavioural theories or socio-ecological models are more suitable to predict 
dietary habits.  
A distinction should be made between (1) the application of the TPB in 
predicting behaviours and (2) the use of the TPB-factors as theoretical 
constructs in defining the active ingredients of the programme. Based on 
our study, it can be concluded that the TPB is definitely adequate in 
predicting intentions and behaviour related to oral health. However, the 
question was raised whether the theory was poorly applied during 
intervention development. Recently, much emphasis was placed on the use 
of behaviour change methods that are based on theoretical constructs while 
planning interventions aiming to change behaviour. These concepts were 
applied to a certain extent in the ‘Smile for Life’ intervention, in the sense 
that the educational components were aimed to increase attitudes, and the 
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materials were intended to raise the parent’s awareness to the topic and to 
function as a conditioned stimulus evoking healthy oral behaviour.  
Other techniques, such as increasing skills, goal setting or modelling were 
not included in this study. It was suggested in the literature that the TPB 
may have potential for developing behaviour change interventions, but 
other social cognition models and behavioural techniques might be more 
appropriate (Hardeman et al., 2001; Michie et al., 2008). For example, a 
systematic review supports the effectiveness of motivational interviewing 
(MI) as a technique for changing several health behaviours. MI is an 
approach that uses collaborative and empathic interactions to develop a 
client’s internal and autonomous motivation to change. More research is 
however needed to investigate its application for individual health 
education within the oral health field (Yevlahova & Satur, 2009). 
Besides, it can be considered a shortcoming of the TPB, that it does not 
address the roles of impulsivity, habit, self-control, associative learning and 
emotional processing in predicting behavioural change (Michie et al., 2011). 
New theoretical frameworks are being developed, building on the strengths 
and limitations of the existing psychological theories, in order to improve 
the design of prospective behaviour change interventions (Michie et al., 
2011). Future research should indicate whether other behavioural change 
models can serve as a better basis to develop oral health interventions.  
 
1.2 Was the intervention only effective at the level of the 
psychological determinants or in subgroups? 
Despite the limited effects at the level of oral health and reported 
behaviour, it was hypothesized that a longitudinal impact of the 
intervention would be present on the level of the behavioural determinants. 
It is reasonable to assume that the intervention had an impact on the 
attitudes and intentions of parents to change their behaviour, but that this 
could not yet lead to behaviour change and improvements in their children’s 
oral health.  
However, against our expectations, no differences in the determinants could 
be accounted to the oral health intervention, as similar changes were 
observed in the intervention and control group. Based on this study, it was 
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not possible to investigate whether these changes were due to secular 
trends in society or to the aging of the child. It seems however reasonable to 
assume that the determinants of parental oral health-related behaviours 
changed as the child grew older.  
In addition, differential trends in determinant scores were observed 
according to the educational level of the mother, with high-educated 
mothers having significantly higher scores for attitudes, perceived 
behavioural control and intentions. Children from higher-educated mothers 
also presented with better oral health and better oral health-related 
behaviours at age three and five years. These effects were present both in 
the intervention and control group and can thus not be accounted to the 
intervention. Further analyses on the control group only, indicated the 
presence of a social gradient in oral health and related behaviours.  
Against our expectations, we had to conclude that there were no effects of 
the intervention on the level of the determinants, nor any effects in 
subgroups of participants. It is however evident that social class, as 
measured by the educational level of the mother, is a very important 
predictor of oral health, as differences were not only observed in the 
prevalence of tooth decay, but also in parental attitudes and intentions 
predicting oral health-related behaviours and in the behaviours themselves. 
This finding indicates the importance of developing targeted interventions, 
adapted to the differential needs of parents of lower socio-economic status 
as well as higher-educated groups. On an individual level, these 
interventions should aim to improve parental knowledge, attitudes, 
intentions and perceived behavioural control, preferably by a combination 
of techniques including skills training sessions (Michie et al., 2008). In 
addition, these interventions should aim to include the broader 
environment in which the families live and tackle the social, political and 
environmental determinants underlying inequalities in oral health, for 
example by evoking policy changes (Marmot et al., 2008).  
 
1.3 Was the intervention poorly implemented? 
It could be hypothesized that the limited effects were due to shortcomings 
in the implementation of the intervention. A process analysis was 
performed to evaluate whether all aspects of the intervention were 
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implemented as planned. Next, it was evaluated whether the level of 
implementation dosage was related to the outcomes.  
The process analysis indicated that attendance was high, with on average 
78% of participants present at each scheduled contact moment of the 
intervention. Fifty-two percent of the families received all supporting 
materials and on average 73% of all attending families received all education 
at a contact as described in the manual. Several moderators were evaluated. 
While the programme can be considered complex because of the different 
intervention components, the potential impeding effect of this complexity 
on the implementation fidelity was compensated by the detailed 
intervention description, an appropriate use of facilitators and high 
participant responsiveness. The quality of delivery differed to a great extent 
according to the involvement of the nurses.  
Lower attendance rates at the consultations and the restricted time to 
spend on the oral health topics were the largest threats to implementation 
fidelity. It was not possible to provide information on all topics to all 
parents, when parents were absent or needed to discuss other issues during 
contact moments. These problems are however inherent to the context of 
the well-baby clinics, which are attended on a voluntary basis and where the 
nurses have only ten minutes to educate parents. Expecting perfect 
implementation is unrealistic and the results of our study are in line with 
other implementation studies, where usually levels of around 60% are found 
(Durlak & Dupre, 2008).  
In addition, further analyses indicated that the level of implementation was 
related to the outcomes. Oral hygiene habits, dental attendance and the 
attitudes, PBC and intentions towards both behaviours could be predicted 
through the number of related topics parents received. Distributing 
educational materials had none or even reversed effects, after controlling 
for the receipt of the educational topics. None of the materials or actions 
could influence the determinants related to dietary habits.  
It must however be noted that the proportion of explained variance was 
generally low and that all effects of the educational materials were no 
longer present after controlling for the educational level of the mother, 
which was a much stronger predictor of the outcomes.  
In conclusion, although the implementation fidelity of this intervention 
study was generally sufficient, the study showed that it was nevertheless 
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impeded by organisational constraints related to the context of the well-
baby clinics, more specifically limited time, lower attendance on 
consultations and omission of consultations. It can thus not be excluded that 
these contextual factors can partly explain the limited effects of the 
intervention. 
2 Additional explanations  of the limited effects 
Analyses on the determinants, behaviour and oral health data pointed to 
the existence of regional differences, despite the fact that the regions were 
selected based on comparable socio-demographic characteristics. The 
differences in outcome between the regions, with in general more desired 
determinant scores and behaviours in the control regions, obscured the 
interpretation of the effects. To control for these differences, an extended 
effect evaluation was performed of the intervention study in comparison 
with the complementary baseline cohorts. On the short term, only small 
effects of the intervention programme could be observed in reducing caries 
experience at the d1-level and in improving some oral health-related 
behaviours such as visiting the dentist, brushing the teeth, assisting with 
tooth brushing and consuming less in-between snacks. On the long term 
however, there was no effect on caries experience and only a limited impact 
on reported dental attendance and parental help with brushing.  
Several hypotheses were formulated to explain these limited effects (cfr. 
Discussion chapter 9).  
• First, a general improvement of oral health and related behaviours was 
observed in Flanders, making it more difficult to observe an additional 
intervention effect. It was not possible in this study to control for 
effects of local projects in schools or communities or of local (or 
national) media campaigns.  
• Second, participating in a study as a control group might have had a 
positive impact on the oral health habits of the parents, which 
complicates the comparisons between the intervention and control 
group. It is also possible that parents gave socially desirable answers, 
which is of course a problem inherent to studies working with 
questionnaire data.  
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• Third, it was mentioned that although implementation fidelity was 
sufficient, the lack of time to spent on oral health education and lower 
attendance rates at the consultations might have reduced the 
effectiveness. Especially in families with many child-rearing or health 
problems, less time could be spent on oral health. It is realistic to 
assume that these families might have needed the oral health 
education the most. Previous research has indicated that more 
intensive programmes, consisting of multiple home visits were effective 
in reducing caries and improving dietary behaviours (Feldens et al., 
2007). Due to the limited time, it is also possible that the nurses 
delivered the education in a rather ‘directive’ way, which could not be 
evaluated as there were no data on the quality of delivery.  
• Fourth, it was suggested that other methods might be more suitable to 
improve oral health and related behaviours in the community. Including 
context dynamics in programme design or applying different 
behavioural change techniques might lead to more positive results.  
• Finally, the question can be raised whether we have reached the right 
families with our intervention programme. Previous research indicated 
a trend towards polarisation in many Western-European countries 
during the last decades, with a small number of children presenting 
with severe forms of caries (Marthaler, 2004). Therefore the ‘Smile for 
Life’ intervention aimed to include children from all socio-economic 
backgrounds. By collaborating with the governmental agency ‘Child and 
Family’, almost all children born in the regions could be reached 
without the need for special recruitment and without setting up special 
visits or contact moments, which will definitely have benefitted the 
participation rates. However, as the questionnaires for the parents 
were only available in Dutch, families with a different primary language 
– often families with an immigrant background – could not be included 
in the programme. Out of all families that did not meet the inclusion 
criteria, 21% was excluded from the evaluation study because of 
language. Although the programme was delivered to these families, 
they were not included in the analyses. As it was indicated in the 
literature that children living in families with a low educational level or 
with an immigrant status are at risk for developing severe early 
childhood caries (Christensen et al., 2010; Petersen, 2005), it can be 
hypothesized that we have no data about this group who might have 
been most interesting. In addition, as social status was identified as the 
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most important risk factor for oral health problems, it is possible that 
specific actions should be developed for these groups, targeted to their 
needs and taking into account their cultural backgrounds. Previous 
research has shown effect of targeted interventions in children living in 
deprived neighbourhoods (Davies et al., 2005), with a low socio-
economic status (Kowash et al., 2000) or in at-risk mothers (Blinkhorn et 
al., 2003). A targeted programme in high-risk groups might have been 
more effective than a community-based approach for all children living 
in the region.  
3 Strengths and limitations 
As the strengths and limitations of the ‘Smile for Life’ intervention were 
extensively discussed in the previous chapters, we will only provide a short 
overview here, thereby referring to the respective chapters. Next, we will 
continue discussing the specific strengths and weaknesses of the evaluation 
study that was performed for this PhD-thesis.  
3.1 The ‘Smile for life’ study 
3.1.1 Strengths 
The main strengths of the ‘Smile for Life’ intervention are the following: 
Firstly, implementing the programme in an existing context by collaborating 
with the governmental organisation ‘Child and Family’, was one of the 
biggest strengths of the study. By incorporating the intervention within the 
standard care of the organisation, it was possible to attain a high coverage 
of the target group, to reach children about oral health-related topics at a 
very young age and outside the context of the dental clinics, and to provide 
information during a period of three years on a regular base. Working with 
the nurses in the field made it possible to detect the needs and problems 
and to develop the intervention bottom-up (cfr. Chapter 7).  
Secondly, it was an important strength that the programme was developed 
based on a well-established theoretical model of behaviour change, notably 
the TPB. This model includes beliefs explaining the underlying mechanism of 
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operation, which makes it possible to investigate why the programme has 
failed to achieve the expected results.  
Finally, in contrast to some other oral health promotion studies reported in 
literature, our study had an adequate study design, in which the results of 
the intervention group were not only compared to a control group but also 
to a baseline cohort of children living in the same regions. Without a decent 
measurement of control, it is impossible to evaluate the study correctly and 
positive effects could be wrongly accounted to the intervention programme.  
 
3.1.2 Limitations 
The following weaknesses and limitations of the ‘Smile for Life’ study were 
discussed: Firstly, it was noted that there were small diversions from the 
TPB, in the construction of the questionnaire, as the constructs of attitudes 
and subjective norms were only measured indirectly, and there was no time 
frame between the measurement of intentions and behaviours. Also, low 
internal consistency was observed for three scales, namely norms of others 
and PBC towards dietary habits and attitudes towards oral hygiene  (See 
Chapter 3). It must also be mentioned that the test of the TPB (Chapter 4) 
was performed on the data of all participants (N=2137), and that 
intervention status was not taken into account. However, as previous 
analyses in both groups separately resulted in identical outcomes, an effect 
of intervention status on the prediction of intentions and behaviour could 
be excluded.   
Secondly, there was a substantial amount of missing data at the 
measurements and oral health investigations at ages three and five years. 
The effect of the non-responders on the outcomes may be considered small, 
as most of the data was missing due to a lack of identification of the 
kindergarten the children went to, which can be considered missing at 
random (See Chapters 4, 5, 6, 8).  
Thirdly, as the questionnaires were only available in Dutch, children whose 
parents did not understand Dutch, were not included in the study (See 
Chapter 5, 6).  
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Fourthly, a learning effect might have occurred, as the same questionnaire 
was used at three different time points, although the gaps between these 
time points were quite large (See Chapter 5).  
Fifthly, self-report data was used to investigate the behaviours and 
behavioural determinants in parents, which has limited validity and 
accuracy. In addition, the nurses, who were the main actors in the 
implementation of the intervention, registered their actions themselves, so 
recording mistakes cannot be excluded (See Chapter 7, 8). The additional 
use of observational data, audio tape recording of the session and 
translated questionnaires or interviews would have had added value, but 
too labour-intensive within the context of the present study.  
3.2 The evaluation study 
3.2.1 Strengths 
First of all, it is noteworthy that so many detailed information could be 
collected about the application of all programme aspects of the multi-
component intervention programme. Large intervention programmes are 
not frequently evaluated in depth, as the collection of the detailed 
implementation data is often difficult to achieve (Hasson, 2010). It is 
therefore considered an important achievement of the study that 
information could be gathered about the different aspects of 
implementation, to be applied in the process evaluation. As process 
evaluations addressing oral health are seldom reported in the literature, it is 
an important strength that our study can contribute to the knowledge base 
on the conditions for successful implementation of oral health promotion 
programmes (Breitenstein et al., 2010).  
Secondly, the collection of implementation data also made it possible to link 
the active programme ingredients as defined by the TPB to implementation 
factors on the one hand and outcomes on the other hand. This facilitates 
the interpretation of the outcomes based on the underlying behavioural 
change techniques, gives insight in the success or failure of the intervention 
and it helps to improve the programme and to adapt it to other contexts 
(Cane et al., 2012). As this linkage is seldom reported in literature, this can 
be considered an important strength of the study.  
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In addition, most studies lacking effect tend not to be published in the 
international literature, which causes a publication bias. As a result, it is not 
possible to learn from the experiences from other research teams, despite 
the fact that studies with limited results can be as informative as successful 
studies. Also, published studies in the field of oral health promotion often 
lack an adequate study design, have no theoretical basis or use 
inappropriate methods for evaluation, which impedes successful replication 
of these studies. By providing publications based on the evaluation of a 
study that has shown only limited effects, new insights can be gained and 
lessons can be learned for future research.  
 
3.2.2 Limitations 
It can be considered a limitation of the evaluation study that it was mainly 
based on quantitative analyses. Whereas for the process evaluation 
qualitative data were used, like document analyses and a focus group 
discussion, this was not the case for the effect evaluation, which was only 
based on statistical data. It might have been interesting to perform focus 
group interviews with the parents of the children, to investigate their ideas 
about the programme and the reasons for the lack of effects (Malterud, 
2001). However, as it was already difficult to retrieve the parents and their 
children once they went to kindergarten, it would have been even more 
difficult to retrieve them in a later phase (the evaluation study started in 
2010), while they were already in primary school. Also, a focus group 
discussion should preferably be held shortly after the intervention so that 
parents are able to recall the difficulties they encountered. In future 
research focus group interviews with the parents could be performed to 
collect qualitative data parallel with and in addition to the questionnaire 
data.  
Secondly, the process evaluation was performed as part of the evaluation 
study after the intervention programme had finished and notice was made 
of the limited results. It is however recommended to perform a process 
evaluation during implementation, in order to detect the difficulties and 
pitfalls and to adjust the intervention programme accordingly, which will 
result in increased effectiveness.  
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Thirdly, it was not possible to identify for whom the intervention worked 
best. Associations of process indicators with demographic, psychosocial or 
behavioural correlates should be addressed in future research. In addition, it 
would be interesting to link the study outcomes to implementer 
characteristics. As the ‘Smile for Life’ intervention was implemented through 
the nurses working in the intervention regions, their knowledge, skills and 
motivation towards the programme might have played a significant role in 
the programme success (Dariotis, 2008). Although we questioned whether 
they felt confident in their ability to deliver the programme and whether 
they thought it would be effective, no individual data was gathered on their 
motivation and knowledge, that could be linked to the outcomes.  
Fourthly, no pre-test levels of determinants and behaviour were taken into 
account. This would have been possible for the determinant data, as 
identical questionnaires were distributed before the intervention started at 
birth, and again at age three and five, at the end of the intervention period. 
For the behaviours however, different questions were included in each of 
the three questionnaires, as the parental behaviour evolved with the child’s 
age.  
Finally, it can be considered a shortcoming that within this PhD-research, no 
hypothesis was formulated to evaluate the choice of the theory (i.e. Theory 
of Planned Behaviour) and the logic model behind the intervention. 
Recently, new methods to evaluate these issues have been developed and it 
would have been possible to apply these techniques to the ‘Smile for Life’ 
study, which could have given more insight in the failure of the intervention.   
4 Recommendations  
4.1 For research 
More research is needed on the effectiveness of oral health promotion 
programmes in young children. Systematic literature reviews have indicated 
the need for well-designed multi-component studies, which are based on a 
theoretical background (Kay & Locker, 1998; Satur et al., 2010). The ‘Smile 
for Life’ study can serve as an example, as it was based on a planning- and 
implementation model, notably the Precede-Proceed model (Green & 
Kreuter, 1999). As a result, the evaluation component was already 
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considered in the planning process, and closely linked to the programme 
objectives (Watt et al., 2001). Moreover, as the ‘Smile for Life’ study was 
based on the TPB, it is an example of a theory-informed intervention, which 
has multiple advantages for the development as well as evaluation of the 
study. By choosing intervention components based on psychological beliefs 
of why the intervention should work, it is easier to investigate the (lack of) 
effects of the intervention programme. In addition, the ‘Smile for Life’ 
intervention is an example of how programme components, implementation 
data and outcomes can be linked to evaluate the intervention in depth and 
to detect its active ingredients. Psychological models should be used for the 
planning of behaviour change interventions in future intervention 
development. 
Secondly, there is a lack of longitudinal studies investigating the long-term 
impact of oral health interventions. In most studies effects are measured 
immediately after the intervention has ended, without any follow-up 
measurements being taken to confirm the effects on the longer term. This 
study demonstrated that effects (if any) lasted only as long as the parents 
remained in contact with the preventive health services, indicating the 
importance of investigating effectiveness on the long term. Future research 
should therefore use longitudinal designs to investigate changes in oral 
health. 
Thirdly, this study has clearly demonstrated the importance of working with 
a decent study design, including a control group. It is not possible to derive 
meaningful assumptions of an intervention programme, if the results cannot 
be compared with a control group with similar characteristics. Apart of 
matching the intervention and control group based on socio-demographic 
features, it could be interesting to perform a baseline measurement of 
behaviours to account for these kind of differences between both groups. 
Fourthly, in many studies only an effect evaluation is performed, in order to 
assess whether the intervention has reached its goals. However, it is only by 
evaluating the process of an intervention, that the strengths and 
weaknesses of the implementation become clear. This information is highly 
interesting and necessary to improve the programme and to increase the 
quality of the actions. It should be recommended to report implementation 
data, preferably following a theoretical framework, so that researchers can 
learn from each other and implement effective components in their own 
programmes.  
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Fifthly, systematic reviews have indicated that traditional oral health 
education is not successful in changing behaviours (Kay & Locker, 1998). It is 
based on the assumption that ‘acquiring knowledge and skills is sufficient to 
alter people’s behaviour to maintain optimal oral health’. Often this 
traditional form of education consists of standardised messages given by the 
expert clinician to the passive client, without taking into account the 
broader context that determines human behaviour. Interventions should 
therefore include multiple intervention components based on behavioural 
change techniques. A list of techniques that have shown effectiveness in 
other health domains is presented in the work of Michie et al. (Michie et al., 
2008). More research is needed to investigate its application in the field of 
oral health.  
Finally, this study shows that theory-informed health promotion can be a 
good alternative to evidence-based programmes. Whereas the Randomised 
Controlled Trial (RCT) is considered the golden standard for gaining 
evidence, it is often difficult to achieve in the context of health promotion 
interventions. In many cases RCT’s are impractical, unfeasible and too rigid 
to apply in public health settings (Rychetnik et al., 2002). As interventions 
informed by theory are more effective than those that are not (Cane et al., 
2012), they should receive more attention in international literature and be 
applied more often in health promotion practice.   
4.2 For policy 
The ‘Smile for Life’ study indicated that the prevalence of dental caries 
experience in five-year-old children in Flanders has decreased in the last 
decade from 31% to 24% (Declerck et al., 2008). Despite this positive 
evolution, still one child out of four is presenting with tooth decay before it 
enters primary school. As early childhood caries is very predictive of 
problems later in life (Gussy et al., 2006), more actions are needed to 
prevent the development of this infectious disease in young children. 
Therefore, it is important to develop specific oral health promotion 
campaigns targeted at parents of young children or to include oral health 
messages in broader health campaigns which aim to encourage a healthy 
lifestyle. Especially the consumption of in-between drinks and delaying 
preventive visits to the dentist were indicated as risk factors in Flemish 
children. The majority of toddlers receives a sugar-containing in-between 
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drink at least once a day, which was identified as an important risk factor for 
caries development and dental erosion in young children (Al-Majed et al., 
2002; Declerck et al., 2008; Karjalainen et al., 2001). Also, only a small 
proportion of three-year-olds had visited the dentist for a preventive check-
up. As attending preventive visits is related to a reduced caries risk, 
preventive campaigns could motivate parents to take their preschoolers to 
see a dentist (Leroy et al., 2012).  
In addition, the study demonstrated a clear social gradient in oral health, as 
children with a lower socio-economic status had a higher risk to present 
with dental caries and low-educated mothers showed worse behaviours and 
behavioural determinants towards their children than their higher educated 
peers. It is well-known that people living in deprived neighbourhoods, with a 
lower income and/or a low educational level often have a worse health, 
including oral health. The causal pathways which link these social 
determinants to health inequalities are being investigated and recent 
research has suggested that the ‘health literacy’ of a person might be an 
important factor (Sanders  et al., 2009). Health literacy refers to a person’s 
capacities, skills, knowledge and motivation to access, understand, appraise 
and use information to make judgments and take decisions regarding his or 
her health (Sorensen et al., 2012). It is strongly linked to health outcomes, in 
the sense that people with low health literacy have difficulties to 
understand the information given by health professionals, to make healthy 
choices or to access health services (DeWalt & Hink, 2009). As such, health 
literacy has been shown to contribute to socio-economic disparities in 
health among adults. In order to reduce oral health inequalities, 
investments could be made in research developing targeted actions, aimed 
at improving the health literacy and behaviours of parents with a low socio-
economic status, so that their oral health will improve.  
 
4.3   For the preventive health services (Child and Family) 
One of the biggest strengths of the ‘Smile for Life’ study was the fact that it 
could be inserted in the existing preventive health care programme of the 
governmental organisation ‘Child and Family’. This organisation is very well 
placed to deliver health education for preschool children on a population 
level, as they reach the mothers of almost every child born in Flanders. As 
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still one child out of four presented with caries experience at age five, it 
would be highly recommended to put more emphasis on the topic of oral 
health in the preventive health services. The results from the process 
evaluation however indicated that the nurses experienced a lack of time in 
the consultations to provide all the educational topics to all parents. As this 
problem was not present during home visits, and as the effectiveness of 
providing health education during home visits was demonstrated in 
systematic reviews (Scottish Intercollegiate Guidelines Network (SIGN), 
2005), it would be interesting to investigate the cost-effectiveness of 
implementing an additional home visit on top of the three or four home 
visits currently provided. In addition, it should be considered to lengthen the 
duration of (some of) the consultations, so that more emphasis can be 
placed on (oral) health education. It is also important to provide a thorough 
training on the development of oral health problems, as this knowledge will 
help the nurses to educate parents better and to increase their motivation, 
which can affect the outcomes. If possible, it should be considered to start 
the education already during pregnancy and to include skills training 
sessions or motivational interviewing techniques. In addition, tailored 
programmes are needed in high-risk groups, as it is not possible to change 
their behaviours by just informing them. More intensive techniques are 
required to gain effect, such as setting goals together, providing follow-up 
sessions, teaching problem-solving techniques, assisting them in making 
dental appointments, etc. This is however not feasible in the current 
functioning of ‘Child and Family’. 
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5 Conclusion 
Developing, implementing and evaluating a complex intervention to 
improve (oral) health in young children is not obvious. It requires a well-
founded design, effective programme ingredients, a comparable control 
group and measurements of process indicators and outcomes on different 
levels.  
Despite its limited effects, the ‘Smile for Life’ intervention has been of great 
value for evaluation purposes. Because intervention programmes are often 
not evaluated in depth, this research adds new and original knowledge to 
this field and serves as a basis for developing more targeted and effective 
preventive interventions within and beyond the field of oral health.  
 
Success is not final,  
failure is not fatal:  
it is the courage to continue that counts. 
 
Winston Churchill 
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Summary 
 
Dental caries or tooth decay remains one of the most common infectious 
diseases in preschool children. In Flanders, one out of three five-year-olds 
presented with visible caries experience. As oral health is to a great extent 
determined by behavioural factors, intervention studies have been 
developed aimed at reducing dental decay or at improving oral health-
related behaviours by educational programmes for parents. The ‘Smile for 
Life’ programme was developed in collaboration with the governmental 
agency ‘Child and Family’. During preventive contacts in the first three years 
of life, nurses provided additional oral health education and distributed 
several materials, such as a health booklet, tooth brush and tooth paste and 
a placemat. The programme was based on the available evidence and 
consisted of a multi-component intervention that was built on a theoretical 
framework, i.e. the Theory of Planned Behaviour (TPB). Use was made of a 
pre-post test design with a control group to measure effect. Despite these 
efforts, only limited effects of the ‘Smile for Life’ programme could be 
observed at the level of oral health and reported behaviours. 
The aim of this PhD was to explain the limited effects of the ‘Smile for Life’ 
study. Six hypotheses, grouped in three categories, were formulated. It was 
investigated (A) whether the programme design was insufficient, (B) 
whether the intervention was only effective on the level of the psychological 
determinants or in subgroups and (C) whether the intervention was poorly 
implemented.  
(A). The TPB components (attitudes, social norms, perceived behavioural 
control) turned out to be significant predictors of intentions and behaviours 
related to oral health, arguing for the reliability and validity of the 
questionnaire that was developed. However, future research should indicate 
whether other theoretical backgrounds can serve as a better basis to 
develop oral health interventions or whether other behavioural change 
techniques, such as skills training or motivational interviewing are more 
effective.  
(B.) There were no effects of the intervention on the level of the TPB-
determinants, nor any effects in subgroups of participants. Besides, natural 
changes in the TPB-determinants were observed as the child grew older. 
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High-educated mothers presented with better attitudes, perceived 
behavioural control, intentions and related behaviours towards their 
children, who also had a better oral health. This indicates the need for 
targeted interventions for low- and high-educated parents.  
(C). The process analysis indicated that the nurses implemented the 
programme to a large extent as planned in the manual, although lower 
attendance rates at the consultations as well as the restricted time to spend 
on the oral health topics were the largest threats this so called 
‘implementation fidelity’. 
A combination of factors can explain the limited effects, more specifically 
the general improvement of oral health in Flanders, a possible response bias 
in the control group, implementation constraints, the limited application of 
effective behavioural change techniques and the exclusion of the children 
from low socio-economic backgrounds. Because complex interventions are 
not often evaluated in depth, this research adds new and original knowledge 
to the field and serves as a basis for developing more targeted and effective 
preventive interventions. 
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Samenvatting 
 
Tandbederf of cariës is tot op heden een van de meest voorkomende 
infectieziekten bij kinderen onder de leeftijd van 6 jaar. Één op drie Vlaamse 
kinderen heeft zichtbaar gaatjes in de tanden op vijfjarige leeftijd. Omdat 
mondgezondheid voornamelijk bepaald wordt door gedragsfactoren, 
werden interventiestudies ontwikkeld om tandbederf te verminderen of de 
gedragingen te verbeteren, aan de hand van educatieprogramma’s voor 
ouders. Een voorbeeld hiervan is de studie ‘Tandje de Voorste’, die werd 
uitgewerkt in samenwerking met de overheidsinstelling ‘Kind en Gezin’. 
Verpleegkundigen gaven aanvullende educatie over mondgezondheid 
tijdens de preventieve contacten en deelden materialen uit zoals een 
uitgebreid gezondheidsboekje, tandenborstels, tandpasta, en een placemat. 
Het programma , dat bestond uit meerdere componenten, was gebaseerd 
op bestaande onderzoeksevidentie en opgebouwd volgens de Theorie van 
Gepland Gedrag. Er werd gebruik gemaakt van een pre-post test en een 
controlegroep om de effecten te meten. Ondanks deze inspanningen, had 
het ‘Tandje de Voorste’ programma slechts een beperkt effect op vlak van 
tandbederf en gerapporteerd gedrag.  
Het doel van dit doctoraatsonderzoek was het verklaren van het beperkt 
effect van de ‘Tandje de Voorste’ studie. Zes hypothesen werden opgesteld, 
ingedeeld in drie categorieën. Zo werd onderzocht (A) of het programma 
onvoldoende ontwikkeld werd, (B) of the interventie enkel effectief was op 
het niveau van de gedragsdeterminanten of in subgroepen en (C) of de 
uitvoering van het programma ontoereikend was.  
(A). De intenties en gedragingen werden significant voorspeld door de 
verschillende gedragsdeterminanten (attitudes, normen, gedragscontrole), 
wat aangeeft dat de ontwikkelde vragenlijst voldoende betrouwbaar en 
valide is. Verder onderzoek moet echter aantonen of andere theoretische 
modellen als een betere basis kunnen fungeren voor 
mondgezondheidsinterventies en of andere technieken voor 
gedragsverandering, zoals een vaardigheidstraining of motivationeel 
interviewen meer effect hebben.  
(B). Er waren geen effecten van de interventie op niveau van de 
gedragsdeterminanten, noch in een subgroep van deelnemers. Er werd 
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daarnaast wel een natuurlijke trend vastgesteld van de determinanten 
naargelang het kind ouder werd. Ook hadden  hoogopgeleide moeders 
betere attitudes, gedragscontrole, intenties en gedragingen en hun kinderen 
een betere mondgezondheid. Dit kan duiden op een nood voor 
doelgroepgerichte interventies voor hoog- en laagopgeleide ouders.  
(C). Een procesanalyse toonde aan dat de verpleegkundigen over het 
algemeen de interventie uitvoerden zoals voorgeschreven in het handboek. 
Toch kunnen factoren zoals een lagere aanwezigheid van ouders op de 
consultaties en de beperkte tijd die kon besteed worden aan educatie over 
mondgezondheid een negatieve impact gehad hebben op de zogenoemde 
‘implementatietrouw’. 
Een combinatie van factoren kan het beperkte effect verklaren. Vooreerst 
werd de interpretatie van de resultaten bemoeilijkt door de algemene 
verbetering van de mondgezondheid in Vlaanderen en een mogelijke 
antwoordbias in de controle groep. Ook implementatiefactoren, 
onvoldoende gebruik van effectieve technieken voor gedragsverandering en 
de exclusie van kinderen met een lage socio-economische status kunnen het 
beperkt effect verklaren. Aangezien complexe interventies zelfden zo 
grondig geëvalueerd worden, voegt dit onderzoek nieuwe inzichten toe aan 
het onderzoeksdomein en kan het een basis vormen voor het ontwikkelen 
van doelgerichte en effectieve preventieve interventies. 
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